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1 
INTRODUCTION 
Construction and maintenance of extensive areas along the 
rl|?ht-of-way beyond the road proper form at the present an 
Important part of highway-"bulldlng. Backslopea generally 
comprise the largest part of these areas. They also offer the 
greatest problems with regards to erosion and maintenance# 
A natural vegetative cover is considered to "be the moat 
effective and economic means of preventing erosion and de­
creasing maintenance costs. For years, therefore, it has been 
standard practice to Include grading, seedbed preparation and 
seeding of backslopes in the highway construction program. 
These operations may "be successful if all conditions are 
ideal. Very often, however, these seeding operations meet 
with failure, especially on the higher backslopes. Elither a 
few zones of varying width or the entire expanse of exposed 
materials seems unsuitable for plant growth. Sometimes a fair 
vegetative cover is obtained, but not until several years have 
elapsed. 
Unfavorable weather conditions together with ill-timed 
seeding may be the cause of this failure, but, in general, the 
problem is similar to that which is found on badly eroded 
soils. The fertile topsoil has disappeared or v;a3 never 
^Slopes at road cuts from the ditch to the original land 
surface. 
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there# Eluvlated Ag and illuviated B horizons with unfavor­
able physical and chemical characteristics are exposed, and so 
are G and D horizons which are in tho i^rimary stages of weath­
ering# A succession of such horizons may be found on back-
slopes in the form of so-called buried profiles. 
The practical objective in roadside stabilization is the 
rapid establishment of a satisfactory vegetative cover which 
will adequately control erosion and thereby decrease mainte­
nance costs and costs of renewed seeding and weed control. 
'I.'he problem of establishing plant growth on subsoil materials, 
however, has been but little investigated. 
The purpose of this study is, therefore, to determine 
which factors, selected from a group of commonly determined 
soil indices, are most Important with regard to the growth 
of plants on recently-exposed subsoil materials. After their 
significance relative to conditions of plant growth has been 
determined, a more direct analysis of the problem of revegeta-
tion will be opportune. The ultimate analysis may be expected 
to yield suitable suggestions towards necessary improvements. 
This research was sponsored by the Iowa .State Highway 
Commission and the Iowa Agricultural Experiment Station In a 
cooperative experimental project. 
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REVIEW OF LKTilRATURE 
Soil materials oxpoaod on hi^^vmy backalopes are usually 
different from the material exposed on the modern land siJ.r-
face. To understand as much as possible about these soils 
it was necessary to study the available literature in the 
following fleld-s: 
(i) Geology: Study of materials commonly exposed, on 
highv/ay backslopes, including the approximate extent of their 
deposition and their physical and chemical characteristics, 
(ii) Revegetatlon; VJork done in direct connection with 
the establiahment of vegetation on geologic materials and. 
eroded soils• 
(ill) Statistical correlation: Statistical evaluation 
of soil factors among themselves and in relation to plant 
growth, by means of various statistical techniques. 
Geology 
Kay and Apfel'a work (25) on the geology of the pre-
Illlnolan Pleistocene period in Iowa and the text on Illi-
nolan and post-Illlnoian geology by Kay and Graham (26) in­
clude descriptions of all geologic formations from the oldest 
bedrock (Proterozoic) to the recent Mankato and poat-Mankato 
developments in Iowa. Hij^iway backslopes in western and 
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southern Iowa exi^ose mostly different gtagea of Nebraakan and 
Kanaan drifts, and of Wisconsin loess# I'hxch information was 
obtainad from tho above quoted works. 
Leip^ton and MacClintock (31) discussed v/oathering pro­
cesses in drifts ranging from Kobraskan to Wisconsin in age. 
Weathering was studied under different conditions of topogra­
phy, development and physiography. The higher degree of ma­
turity of the drift in Illinois as compared to the same drift 
in Iowa was mentioned. Nevertheless one may frequently recog­
nize the four (or five) subdivisions in weathering zones 
that Leigjhton and MacClintock described in backslope exposures 
in Iowa. These subdivisions are: 
(1) surficial soil 
(2) chemically decomposed soil 
(5) leached and oxidized till 
(4) unleached and oxidized till 
(5) unweathered till (unleached and unoxidlzed). 
Ruh© (43) and Ruhe aiid Cady (45) made a study of Pleisto­
cene sediments, stratigraphically ranging from the Nebraakan 
throiigh part of the VJisconsin glacial stages, exposed in re­
cent railroad cuts in southwestern Iowa. The description of 
buried soils and their different stages of weathering is very 
conveniently arranged. Ruhe, Prill and Riecken (46) gave a 
generalized sequence of weathering profiles in Wisconsin loess 
in western Iowa. The sequence includes from top to bottom 
seven distinct zones in different stages of weathering as 
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characterized by oxidation and leaching. The repeated occur­
rence of two deoxidized zones indicated that they were not 
genetically related to the present environment which provides 
satisfactory drainage. In an earlier paper Ruhe (42) dis­
cussed materials commonly descrihed as gurabotil. He proposed 
the more distinct terminology of gumbotil, silttil and meso-
til for these materials, the separation to be made on the 
basis of texture and topographic position. The same separa­
tion has been mentioned before by Leighton and MacClintock 
(31) . 
A most extensive study of the deposition of loess and its 
distribution and properties has been made by Smith (54)» 
Though the study jjertained mostly to the geographic region of 
the state of Illinois, it includes a review of literature on 
loess deposition in other areas, and the results are applica­
ble in the region of Iowa. Loess characteristics were studied 
as a function of the distance of loess deposits from their 
source. Differences In texture, depth of deposition and car­
bonate content were found to be correlated with distance from 
source. Several other authors reached the same conclusion 
while studying loess deposits In Iowa (22,23,24,26,60,61,62, 
63) . In a recent paper, however, Ituhe (44) has demonstrated 
that tliese concepts of variation in depth, particle size dis­
tribution, and other characteristics with distance are only 
valid when samples have been taken from the summits of primary 
and secondary divides. Usually weathering is of maximum 
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Intensity on tho creata of clivldea, and the consplcuotia values 
of characterl3tlc3 v/111 firo-dually decrease down tho flanks of 
the divides. 
Bray (5) based a classification of soils developed in 
leorian loess (in Illinois) on chomical ohai'acterlstlcs of 
this material. Similar studies have been made in Iov;a (22, 
23,34,60,61,62,63) a Kluviatlon of cations from, the exchange 
complex was observed to occur simultaneously v;ith Increasing 
horizon differentiation (62). Bray described weathering in 
the light of chemical changes which take place during and 
after deposition. The major processes are respectively oxi­
dation, leaching and conversion of x->rimary minerals into 
secondary form. 
Hutton (S2) fotind differences In base exchange capacity 
and texture due to differential wind fractionation at tho time 
of loess deposition, and also to different degrees in v/eather-
ing depending on the effective a^e of tlie loess materials. 
Thus it appeared that soil formation within a relatively short 
distance (50 to 60 miles) from tho loess source depended 
mainly on the typo of parent material. The effective time of 
weathering during the period of loesa deposition was believed 
to be the determining factor in the formation of soils located 
beyond that range (24). 
Ulrich (60) included physical data besides chemical char­
acteristics in his study, because of the importance of physi­
cal changes with respect to their Influence on soil moisture 
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and air aa related to plant growth. Increaaed volume v/©ight 
and decreased aeration porosity and permeability were mo3t 
marked In zones oT maximum accumulation (B) and to a lesser 
degree in those of raaxiraum eluviation (A2)• 
Clay fractions in loess have received considerable atten­
tion in recent years. Clays separated from Wisconsin loess in 
western Iowa appear to be mainly of the montmorillonite and 
nontronite type (9,10,11,84). With increased weathering mont­
morillonite may have been formed from illite, which is also 
found to be This explains why the cation exchange 
capacity for oxidized and leached (more weathered) loess ia 
often slightly higher than that of unoxidized and unleached 
(less v/eathered) loess. Davidson pointed out that cation 
exchange capacity of loess, or rather of the clay material 
extracted from loess, is largely dependent on the kinds of 
clay minerals it contains. Cation exchange capacity may 
therefore indicate what minerals are present. That this is 
correct has been proven by results of differential thermal 
analyses (10). 
It was also fotind that clay contents correlated closely 
with various other properties of loess, in which case the 
properties appeared to bo linear functions of the clay con­
tent. Clay and moisture equivalence showed for instance such 
a rectilinear relationship. It may be observed from Davidson 
and Handy's data (10) that a break occxirs in the regression 
line of clay with ceition exchange capacity at about 18 percent 
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clay, meaning that actually two regression lines can be con­
structed. Below 18 ixircont clay cation exchange capacity in­
creases rapidly with unit Increases In clay content, above 
that point the relative rate of increase In cation exchange 
caijaclty is smaller. As will be seen later, a similar sepa­
ration on the basis of clay has been used In the correlation 
analysis of the study at hand. 
The study of burled soils has received increased inter­
est in the last fifteen years, mostly because of clues they 
may give to environmental conditions of past geologic ages. 
Niklforoff (36) discussed evolutionary and catastrophic 
changes as playing a role In the formation of burled or fossil 
soils. He observed that the best known fossil soils repre­
sent traces of soil formation during interglacial Intervals 
and periods in v/hich no loess was deposited. 
In this light Simonson (50) compared burled soils, formed 
from till, with modern Planosols and gave descriptions of some 
complete profiles, including Ag, B and C horizons. The 
horizon is shallow and often lacking, while the Ag horizon may 
be very conspicuous in the form of a light graylsh-whlte band. 
Below follows a darker and heavy-textured B horizon, and a C 
horizon which may consist of leached and oxidized till, -under­
lain by unleached (calcareous) and oxidized till. 
Base exchange data, pH values and total carbon and phos­
phorus determinations of the described buried profiles were 
given, and compared with similar data of a modern soil. The 
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buriccl Eioila aeeni to have boon re-satur*ated by leac}iin(;;s from 
overlying materials, a].thov\p;h not to ttio extent of containing 
free cai'bonotoa. 
A striking similai'ity v/as cienerally observed betvi'oen 
tViose buried soils and the modern aoil3, belon^-ing to the 
Ilanosol f^roup. This similarity indicates that climate sjid 
vejretation prevallln,f'; after the deposition of Kanaan till and 
before the burying by Wisconsin loess tmist have been assen-
tially similar to the climate and vegetation prevailing after 
loess deposition. 
Thorp, Johnson and Reed (58), in an extensive survey of 
buried soils in the Central United States, considered the 
practical aspect of the quality of these soils in connection 
with severe present day erosion. Nitrogen starvation and 
phosphorus deficiency is likely to occur if much surface soil, 
formed in liVisconsin loess, has been removed and erosion has 
exposed the reddish brovna B horizon of (Sangamon or Yarmouth) 
buried soils. Phosphate deficiency will be leas evident If 
the solum has entirely been derived from deep Wisconsin loess 
or \\nl0ached PCansan till. Nitrogen shortage, however, Virill 
still exist. 
Scholtes, Ri-ihe and Riecken (48) made an interesting study 
of the morphology, formation and interpretation of burled 
soils as compared to modern soil formation. The contrasting 
concepts of the pedologic soil profile and of the (;;eolop;ical 
weathering profile are discussed. Simonson (51) attempted 
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another identification and interpretation of burled soils 
together with a most comprehensive survey of literature on 
this subject. Burled soils in the xipper and lov;er portions 
of the Mississippi Valley are described. Special attention 
is given to such B horizons in burled profiles as are now 
designated gumbotll and ferretto. Values for clay content 
and cation exchange capacity are compared for A, B and C 
hcrlzonso 
All authors on buried soils seem to agree that climatic 
conditions during the formation of these soils v/ere similar 
to those prevailing during modern soil development. Buried 
soils, however, may be classified into different great soil 
groups, depending on different environmental conditions at 
the time of their formation. I'^irthermors the degree of v;eath-
erlng may vary depending on available time between deposition 
and burial. A full sequence of soil horizons may be found or 
only a few, depending on development, erosion and/or trunca­
tion (48). At any rate, their mere existence is of great 
importance in our present research. The similarity of their 
formation with that of modern soils. Indicates that problems 
of revegetation on fossil soils are very similar to those on 
eroded i«'esont-day soils. 
Revegetation Studies 
Davis (12) outlined a study on roadside improvement in 
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Iowa In which erodiblllty and productivity of the aubaoil, 
together v/ith climatic and ecological conditions, were consid­
ered to be the determining factors for ao-called problem 
areas. He concluded that vegetation to bo used ezclualvely 
for stabilization of roadsides should come from plant species 
selected from native material. Wilson (69) listed and dis­
cussed all essential operations Involved in the erosion con­
trol of roadsides. Mulching and seeding received a great 
deal of attention in this report. Slopes should have not more 
than a 3:1 gradient so that mowing still could be undertaken. 
Steeper slopes should be terraced and planted under vines or 
shrubs. Practices as proposed in this paper seem to be highly 
ideal, but not most economical. 
Research done by McDlll (32) in cooperation with the lovm 
State Highway Commission, similar to the study at hand, was 
aimed at determining the moat favorable seeding-mixture and 
rate to be used in backslope stabilization. This study In­
cluded literature references on micro-climatological condi­
tions prevailing on backalopes, and on the influence of slope 
on run-off and erosion. Another part of the literature re­
view (on planting methods) dealt v;ith machinery used in such 
operations, and ways of seeding and mulching. Several refer­
ences v/ere fj/iven to authors who have used dry woi^^t of clip­
pings as criterion of yield responses of vegetation to en­
vironmental factors and conditions. Two seeding mixtures 
were compared by McDlll, a so-called complete mixture, includ­
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ing broraegraaa, Kentucky bluegrasa, alta fescue, rodtop, 
alfalfa, alalke clovor and red clover; and the standard "high-
v;ay" mixture, comprised of broraegrass, alfalfa, alslko clover 
and red clover. With few exceptions the latter mixture pro­
duced better stands regardless of seeding rate, soil stratum 
or season. 
Soil horizons near the surface invariably supported bet­
tor vegetation than subsoil horizons, aa may be expected. 
Only with low seeding rates wore significant differences ob­
served between stands on east- and west-facing slopes. In 
such cases a less dense stand was supported on the more xeric 
west-facing slopes. 
Two recent reports by the New York State Department of 
lubllc y/orks (34,35) give a complete account of a stiidy of 
all phases involved in establishing and maintaining a roadside 
vegetative cover, aaggestions are given towards economizing 
on methods hitherto used. The relation between microclimate 
and aspect of slope is well discussed. Significant differ­
ences between north and south aspects are noted with the north 
aspects giving far better growth than the south aspects. 
The effects of mulching on microclimate are also dis­
cussed. Results of fertilization experiments revealed that 
nitrogen applications on exj^osed subsoils gave the greatest 
benefit to plant growth, while the responses to potassium and 
phosphorus applications were less marked. No minor element 
deficiencies were observed and even at low pH values, liming 
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vma not always noceasary. Ajjpllcationa and treatment with 
conditioners did not result in better plant growth. It is 
intereatinp: to note that textural differoncos determined 
largely the suitability of roadHldes for the establishment of 
a vegetative cover. Improvements in the case of too sandy 
soil may be made by topsoiling or adding silt and clay ma­
terials. Marked relationships between the percentage of 
(silt + clay) on one hand and moistwre-avallabillty and fer­
tility on the other hand v/ere observed. No upper limit seemed 
to e^cist for the percentage of clay and silt combined, but 
with high values structure seemed to become an important fac­
tor. In that case structure could be improved by mulching. 
Another Important point mentioned is tlie time of seeding: 
fall and early spring seeding were entirely satisfactory, but 
late spring or summer seeding usually led to failure because 
of the occurrence of fatal drought periods. 
Rinspahr (13) made a study of coal spoil-bank materials 
In Iowa, and the establishment of vegetation thereon. Nobras-
kan and Kansan till, and IVisconsin loess are among the soil 
materials covered In this stxidy. Chemical and textural data 
of each are given. Oreenliouse exporlmonta indicated that ap­
plications of either nitrogen, phosphorus or potash to calcar­
eous glacial till did not give any appreciable yield increases 
over the control. Higjily significant yield increases, hov/-
ever, were obtained if treatments consisted of nitrogen plus 
phosphorus, with or without potassium. Einapahr suggested 
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forage specie a suitable for cover cropa on vViaconaln loeaa, 
Kanaan till, ahale mixtures and Pleiatocene aanda. Early 
spring aeeding axjpeared to "be aucceaaful, and raking of the 
aeed beda after sowing increased grass and legume atanda® 
Several atudiea have been made on eroded aoila, mostly 
by plant ecologiata (7,66,67). Early spring aeeding of leg­
umes ia recommended. Because of the nitrogen deficiency of 
aubaoila it ia adviaable to associate legumea with graaaea in 
order to ensure proper grov/th. The grasses may be seeded 
together with the legumes or later into already eatabliahed 
le0Ame stands. 
Sinclair and Sampson (53) investigated establishment and 
aucceaaion of vegetation on aejparated A, B and C soil hori-
zona. The authors concluded that differences in growth were 
largely due to differences in the contents of nitrate nitrogen 
and total nitrogen, and in water relationships, which are 
directly correlated with the texture of the soils. 
Vi/arner (67), Brewer (7), and Ward (66) studied ecological 
problems related with plant growth on eroded Lindley and Vifell-
er soils, all on the same location in southeastern Iowa. Vi/ar~ 
ner found a correlation coefficient of -.978 for volume weight 
and total porosity, and -.790 for volume weight and noncapil-
lary porosity. This indicates that under similar textural 
conditions volume weight repreaenta a good measurement of aoil 
atructure in ao far aa it relates to plant development, be-
catiae of ita relationship to percolation rate and soil aeration. 
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Hrewer (7) correlated plant growth with a group of sev­
eral chomlcal properties and also with microclimatic factors. 
It was observed that ranking of oTowth follov/od the same order 
as microclltmito favorablllty, hut contrary to the ranking of 
favorable (chemical) soil characteristics. SI,r^nlfleant, posi­
tive, correlations were nevertheless fo\ind in some Instances 
between plant growth on one aide and organic matter, exchange­
able calcium and total exchangeable bases on the other. 
Ward (66) studied the effects of plants on ijhyslcal X)i^op-
ertles of eroded soils and found that after several years 
there had been little change In volume weight but an appreci­
able oJiange in soil structure or aggregation. Aggregation ap­
peared to be closely associated with the rate of decomposition 
of plant roots and tops. Imjjroveraenta in aggregation were 
greater on soils with, a higher clay content. Blrdsfoot tre­
foil and. big blue stem gave the greatest improvement in soil 
structure in the first three years of the experiment. 
Statistical Correlation 
V/'hen studying plant yields in relation to soil factors 
one might start from the hypothesis that a functional rela­
tionship exists between these tv/o groups of valties. This 
leads inevitably to the assumption of rectilinear or curvi­
linear multiple regression equations. The determination of 
the parameters in such equations is, however, very complex and 
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time consuming, eapedally if more than four or five factors 
are involved. This Is probably the reason why only few 
agronomic reaearchera have attempted to work out the involved 
relationships that exist between plant yields and a multitude 
of growth factors by v/ay of multiple regression analysis. 
Most work in this respect has so far been done only if very 
fev/ factors were involved, or, if more factors simultaneously 
were studied, by employing simple correlation coefficients. 
Bodman and Ferry (3) calculated correlation coefficients 
among so-called single-valued soil properties. They found 
l.a. the following correlations: r = +0.65 for colloidal con­
tent and clay content, r = +0.74 for colloids and air dry 
moisture content, and r = +0.83 for colloids and moisture 
equivalent; while the correlation between clay and moisture 
equivalent was only estimated by r = +0.50. This last obser­
vation Indicates that adsorptive sxirfaces play a relatively 
more Important role in water holding capacity than do particle 
sizes. The general conclusion of this study was that the per­
centage of colloids represented a much more significant cri­
terion of the probable physical behavior of soil thian did the 
the percentage of clay. 
In a similar study Russell (47) correlated a series of 
•'''"Bodman and Perry (3) give the following definition of 
single-valued measurements: "... an expression v/hlch charac­
terizes the physical behavior of the soil in some one or more 
ways, . . • which in addition may promote a useful and simple 
numerical value indicative of its texture". 
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physical soil properties, using the method of multiple regres­
sion by calculating multiple correlation coefficients. The 
fjurpose of this analysis v/as to select those determinations 
which would give the maximum amount of information relevant 
to the physical behavior of the soils under investigation. 
Base exchange capacity, sticky point, moisture equivalent, 
and clay content were among the soil characteristics examined. 
Clay content appeared to be of minor importance in predicting 
soil moisture relationships, whereas moisture equivalence was 
almost completely determined by base exchange capacity. 
Swelling parameters and various moisture percentages (deter­
mined under different conditions) gave {xractlcally all possi­
ble Information. Other parameters did not appear to add much 
to this information. 
Fireman and Vi/adlelgh (18) used regression and correlation 
analysis on a large amount of data to evaluate the relation­
ship between pH and exchangeable sodium percentage of soils. 
Segregation of data according to lime and/or gypsum content, 
and according to geographic regions changed the slopes of the 
regression lines significantly. This, of course, warrants 
such segregation before predictions may be made about evalua­
tion of exchangeable sodium percentage by mere pH determina­
tions . 
The same authors (65) studied several different measure­
ments v/ith respect to soil permeability. In this case it was 
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Impoaalblo to evaluate properly the various factors by ordi­
nary inspection of the data. By the same technique it v/aa not 
possible to dotermine if the various meaaiarements adequately 
characterized the problem soils with regards to the variable 
under investigation. 
Fiultiplo regression analysis appeared to be the most con­
venient method to sum up all information contained in their 
data and to evaluate the correct association among the vari­
ables. Starting from assumptions of reotilinearity, adjust­
ments had to be made in the end for a curvilinear relationship 
between permeability and exchangeable sodium percentage, and 
between permeability and saturation percentage. The method of 
successive approximation, described by Ezekiel (14), was used. 
Correlation coefficients between soil factors and be-
tv/een plant growth and soil factors were given by Robinson 
(41). Plant growth in this case was mainly determined by the 
botanical composition of pastures in Vv'est Virginia. Experi­
mental data came from two different soil types. A highly 
jjroductive soil and a soil of low productivity were used. 
Six different chemical determinations were made on each of 
these soils. Plant growth was found to be limited by nitrogen 
mainly on the more productive soil type, and by the degree of 
acidity on the poorer soil. Percentage base saturation ap­
peared to be a more indicative measurement (r = .945) than pH 
(r = .800) for the acidity of the soil. 
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An elaborate study on correlation tietv/een ])lant growth 
and soil properties waa made by Ferrari (15,16) viiio investi­
gated potato yields in relation to three climatic and 15 other 
growth factors. The method of single values was used, v/hlch 
is based on the assumption that the different soil character­
istics studied are not highly correlated. This means that it 
will be necessary to classify a soil and Its conditions not 
by a limited number of soil types but instead with a large 
mimbor of characteristics. I-'errari used 222 observations on 
each factor In his study. Determination of the relationships 
vvfas entirely gx'aphical. Each time the Influence of a growth 
factor on yield was determined, all other factors v;ere held 
constant at each of tlireo different groxxp values. The final 
regression line could be drawn stepwise according to an itera­
tive procedure making use of approximations and corrected 
values, graphically determined. Ezeklel (14) gives complete 
details for such a procedure. Prom the final analysis, it 
appeared that 88 percent of the variance could be exjjlalned 
by nine oiat of the original 15 soil factors. A similar pro­
cedure was employed in another study by Ferrari and Sluysmans 
(17). Using a numeric-graphical method, mottling in oats was 
correlated vjith the magnesium content, pH and to some extent 
v/ith humiis content of the soil. 
Visser (64) discussed the merits of the technique of 
single values and pointed out that the graj-jhic m.ethod is 
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Ideally suited for a more or less approximate evaluation of 
observations obtained from many single plots. Because of the 
larpe range in single values obtained from the single plots, 
this method is likely to give more information than the usual 
academic set-up where larger experimental fields are needed 
in several replications in order to guarantee an exact evalua­
tion of certain yield laws. Advice in fertilization practices, 
for instance, is more easily given for a particular field if 
this field is similar to one of the many single plots on which 
all possible data have been collected, than when our knowledge 
is solely based on a few well replicated experiments. The 
latter may have given some exact information applicable only 
when environmental conditions and soil characteristics are 
exactly the same as they v/ere in the experiments. Even if 
the group of single plots does not include a plot v/ith similar 
characteristics as the area under consideration, it may be 
possible to derive sufficient knowledge from those which are 
there by mere interpolation. Exact laws ex^jressing the rela­
tion between yield and specific factors have not yet been 
formulated. Because soil variability v;ill greatly exceed the 
experimental error, the latter is of minor importance. Visser 
concluded that since there are no valid yield laws, no one 
method of analysis can be considered to be direct, principal 
or basic. 
As v/ill be seen, the single plot approach was used in 
the present study, followed by an evaluation by means of 
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chl-squarea of association and finally by expressing the 
assumed relationships in the form of a multiple regression 
parameter• 
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EXPERIMENTAL 
Objectives 
The objectlvea of this study were; 
1. To locate and characterize major soil materials ex­
posed on highway backslopes. Vegetation may or may not be 
difficult to establish on these materials depending on their 
specific properties# Materials sxipporting a good vegetation 
and those with a poor vegetation, i.e. "problem" materials, 
were both to be included in this study. 
2. To correlate yields on all soil materials, eicposed on 
backslopes, with the determined soil properties. It is as­
sumed that a proper evaluation may be obtained of the amount 
of information given by each factor or determination. After 
that, some factors may possibly be eliminated because of their 
interrelationships with other factors. 
3. To express yield, as the dependent variable in a sim­
ple mathematical expression, in which the most Important soil 
indices occur as independent variables. The hypothesis is 
that this can be done in a linear multiple regreaaion equation 
of the model: 
y = a + ^ 1^1 ^n^n ® 
In general, rectilinear relationships between yields and 
certain soil factors may not be expected, but it may be 
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possible that the total mass of data can be grouped In such a 
fashion that rectilinear relationships may bo assumed to exist 
witi-iin each of these groups. 
Method of Procedure 
Location and samplinp; 
A preliminary survey was conducted during 1954 on several 
state highways in order to get an impression of the extent and 
quality of some of the msijor problem areas, as far as the 
establishment of a vegetative cover on backslopes is con­
cerned. 
In the latter half of June and during the entire month 
of July 1955 a more complete survey of highway backslopes was 
made. An approximate total of 3500 miles of highv/ays were 
covered In northv^eatom, western and southern Iowa. Problems 
in the way of backalope erosion are mostly encountered within 
this region where rolling topography requires deejx^r road-cuts 
than in the northern part of the state. Since problem slopes 
usually occur in groups, showing tVie same succession of geo­
logic strata, several slopes within such a group were usually 
samioled. 
Problem slopes were selected on the basis of large dif­
ferences in plant growth on different strata v;ithln the same 
slope. In order to get comparable material only slopes 
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planted during or before 1953 were sampled. Vegetation on 
such slopes Is usually, at least on non-problem materials, 
well established. Several slopes graded and seeded later 
than 1953 have been Included, but these slopes belonged to 
experimental sites, or were Included in the study for some 
other special reason. 
Vegetation and soil samples were taken from each distinct 
zone of a selected slope. Since vegetation is usually fairly 
uniform within the same zone, and since such zones usually 
are of rather limited size it v/as sufficient to select (at 
random) only one, two or three sample sites in each zone. 
A wooden frame of 50 x 50 cm v/as used to cover the 
sample site. All vegetation within the frame was clipped as 
closely as possible to the soil surface, bagged and labeled. 
Notes on estimated percentage cover, and dominance of grass 
or legume were made. Grass (bromegrass) and legume (alfalfa) 
were given ratings for growth from 1 (poor) to 10 (excellent). 
Clippings were later air-dried and weighed. Since all sampled 
backalopes had been seeded with the standard highway mixture 
of bromegrass and alfalfa. It seemed that the dry weight of 
clippings gave a reliable, and simple, quantitative measure 
of plant growth. 
Soil samples were taken within the same framed area, to 
A frame of 100 x 100 cm was used for zones v/ith extreme­
ly poor growth. 
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a depth of 6 inches. 
Wo distinguishable profile development has yet occurred 
on these immature soils on 5:1 slopes, and subsoil materials 
seemed in most cases to be very uniform within the same stra­
tum. The chosen sampling depth of six inches was therefore 
purely arbitrary. IIov;ever, the greatest mass of plant roots, 
except for the tap roots of alfalfa, usually occurs v/ithin 
the upper four to six inches. 
Soil samples tlius talmn were composited, bagged and 
labeled. After air-drying in the agronomy greenhouse they 
were prepared for i^hysical and chemical analyses. 
For the jjurpose of volume weight, and jjorosity determi­
nations, the same sample sites were revisited in October 1955, 
after all locations had received some precipitation. Undis­
turbed core samples were then taken, on which the appropriate 
determinations were made in the laboratory. 
A total of 241 sami^les of vegetation and soils v;ere taken 
from 55 different backslopes. The locations of the backslopes 
(numbered from 1 to 55) are given by the map (Figure 1), and 
more specifically in the Appendix (Table 20). A complete 
qualitative and quantitative description of soil and vegeta­
tion of each sample site is also presented In the Appendix 
(Tables 21 to 24). 
Physical and chemical analysis 
lilxcept for the parpose of volume weight and porosity 
Figure 1. Highway map of Iowa showing locations of sampled. 
hackslopes and approximate boundaries of drift and 
loess deposits. 
References: 1955 official hi^iway aiap of Iowa by Iowa State Iligh-
way Commission; geological data from Preliminary Map 
of the Glacial Geology of lov/a by Iowa Geological 
Survey - 1952 (unpublished data); data on loess de­
posits from Simonson, Riecken and Smith (52), 
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determinations the air-dry soil sample a were lightly ground 
30 as to pass a two mm square hole v^lre me ah screen. The 
samples were mixed, quartered, and stored in glass jars for 
further analyses. 
Bulk samples for aggregate analysis were obtained during 
the fall, at the same time undisturbed core samples v;ere 
taken. Preparation for this analysis is described along with 
the method of aggregate analysis. 
Particle size distribution. Percentage of sand, silt and 
clay was determined by a somev/hat modified Bouyoucos method 
(4), the modification existing in the way of dispersion. Ten 
milliliters of a sodium metaphosphate solution (59) vi?as added 
to 50 gr (oven dry basis) of soil, after v;hlch the suspension 
was well stirred by hand to ensure thorough wetting of the en­
tire soil sample, and left standing for 18 hours. After this 
period of standing and soaking, the suspension was stirred by 
a motor driven mixor for exactly one minute (1, p. 215-224). 
Immediately thereafter tVie suspension v/as poured into a gradu­
ated cylinder. The procedure was then continued according to 
the regular Bouyoucos method, measuring sand content 40 sec­
onds after stirring or shaking, and clay content after two 
hours. 
Porosity and volume welpjit. Capillary and non-capillary. 
100 gr in the case of very sandy soils. 
as 
or aeration, poroaity and volume v/eight wore determined on the 
aame undisturbed core samples. To determine tVio aeration por-
oaity tho method of Learner and Shaw (30) v/aa used. Instead of 
40 cm tension as suggested by Learner and Shaw a 60 cm tension 
was applied (28). Aftei'' 40 hours the cores v/ere removed from 
t]io tension plate, v/eighed and dried at 110° C for 48 hours. 
Aeration porosity was determined f3?om the amount of water 
drained from tho sat^irated cores under 60 cm tension and ex­
pressed in percent of the total volume of the core. Capillary 
pore space vms calculated from the last weighing of the oven 
dry sample as the amount of water held at 60 cm tension, ex­
pressed in percent of the core volume. Total porosity is the 
sum of non-capillary and capillary porosity. Volume weight 
was determined as the v/eight (in grams) of oven dry soil in 
the core divided by the volume of the core (in cc)» 
A(:!:f!:reffate analysis. Determination of size distribution 
of water stable aggregates was done by the Yoder technique 
(70) • The samples for this analysis were taken from material 
which passed through a 8 mm-sieve but was retained on a 2-mm 
sieve. In some instances, especially in the case of heavy 
clay soils, like ^^imbotils, it was necessary to break up the 
air dried soil clods in order to make more or less artificial 
aggregates. Even thougli these aggregates are not naturally 
B'ield sam.ples of such clays, when wet, are so sticky 
that it is virtually impossible to pass this material through 
a sieve. 
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formsd, this analysis may give an evaluation of the water sta­
bility of soil fragments, no matter if they are aggregates or 
more clods. Soil samples were placed in the dry top sieves, 
Y^Tile the machine was not in motion. As soon as all top 
sieves were provided with a sample, t?\e machine was brought 
into action. This insured an equal time of v/et sieving for 
each sample. Also the aidden wetting seemed to Imitate more 
closely field conditions, where sudden rains hit a dry back-
slope. Calculations were corrected for gravel Included in 
each of the aggregate fractions. In order to express aggrega­
tion in one single numerical quantity, cumulative percentages 
of aggregate size fractions were plotted on a normal distribu­
tion probability scale versus a logarithmic scale of the ag­
gregate diameters. The mean aggregate diameter in mm (20) is 
determined by the intersection of the 50 percent probability 
line with the drawn curve. 
V/iltinp; point. A pressure membrane apparatus as de­
scribed by Richards (39) was used for the determination of 
the IS-atmosphere percentage which is supposed to give a close 
measure of the v/lltlng point, The samples were removed after 
48 hours, weighed, dried at 110° C for 24 hours, and weighed 
again. 
Wilting point =5 soil moisture content at which the soil 
cannot supply sufficient water to maintain turgor in the 
plant3J and the plants permanently wilt. 
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Molafaire eciuivalont. Tho water content of the soils at 
moisture Qqulvalont wtia dotermined by contrifuging the 3atx\-
rated soils in perforated boxes at a speed equivalent to a 
force of 1000 g. (8). After one-half hour centrifugation the 
soil samples were v/eighe.d, dried at 110° C for 24 hoixra, and 
weighed again. 
Initial nitrate, nitrifiable nitrop:en, available phos­
phorus, available potassium and pH« (Determined by Soil Test­
ing Laboratory, Iowa State College, Ames, Iowa). The method 
described by Stanford and Hanway (57) was used for the deter­
mination of initiaD. nitrate and nitrifiable nitrogen and Bray 
and Kurtz's method no, 1 (6) for available phoaphoru.3 • Avail­
able i^otasaium was determined vfith the flame photometer in 
ammonitim acetate extract and pll was measured with a glass 
electrode in a 1:2 soil-water auapenaion. Initial nitrate, 
nitrifiable nitrogen, available phosphorus and potassium are 
expressed aa pounds per acre. 
Cation exchange capacity and exchanp:eable hydrogen. The 
^Moisture equivalent = v/atar content of soil at which 
water is held v/ith a force equal to a pP at aboat 2.70 (2, 
p. 240) • It gives a fairly reliable measure of tho field 
capacity of ilne-textxired soils. For heavy textured soils 
moisture equivalent is somewhat higher than field capacity, 
and for sandy aoila, lower. 
Field capacity representa the amount of water in the 
soil after downward movement of water by gravity has practi­
cally ceased. The difference between field capacity (or 
moisture equivalent) and wilting point gives the full range 
of available water for plants. 
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barium chloride-triethanolamino method of I^shlich (33) was 
used to determine the cation Qxchangs capacity, 1'he following 
distinct advantages are Inherent to this method: 
1» the method ia usable on both acid and alkaline soils 
regardless of the type of colloid, 
2. the extractant is the same for cation exchange capaci­
ty determination as for determination of exchange­
able hydrogen, 
3. solubility of alkaline earth carbonates in presence 
of barium chloride-triethanolamine la small. 
Cation exchange capacity was determined by replacing the cat­
ions on the exchange complex by barium, and subsequent colori-
metric determination of barium in the soil. The original ex­
tract was titrated with hydrochloric acid, and exchangeable 
hydrogon calculated from the difference between this titration 
and the titration of a blank solution of barium chloride-
triethanolamine, Cation exchange capacity and exchangeable 
hydrogen are expressed in milliequivalenta per 100 grams soil. 
Total exchan.p:eable bases. This value v/as calculated, as 
the difference of me. cation exchange capacity and me» ex­
changeable hydrogen, 
FercentaKQ baae saturation. This value is equal to the 
quotient of exchangeable bases and cation exchange capacity 
times one hundred. 
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Color» Color notations on all dry and moist''^ soil aam-
plos were made In the laboratory to ensure equal lighting 
conditions « i'.'iunsoll Color Cliarts v/ere used as a standard 
for the notation. 
The results of all analytical determinations are pre­
sented in Tables 21 to 23 in the Appendix. Footnotes in 
these tables explain abbreviations used in the tables and 
tlTrou;^hout the text. 
^Tables in the Appendix list only the color notations of 
moist samples. 
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RESUM'S AND DISCUSSION 
Characterization of Backalope Materials 
Occurrence and practical aspecta 
Two distinct patterns of backslopes can be found in 
v/estern and southern Iowa. Each occurs in its own specific 
geof'.raphic region. The boundary between the tv/o regions, 
within the surveyed area, falls roughly along v/lth Hifrhway 
71, v/fiich. runs from Bradyville, Page County, north to Auburn, 
Sac County. This boundary is ai^proximately the same as the 
one which delineates the deposit of deep loess (over 200 
inches) in v/estern lov/a. 
I!ighv/ay backslopes west of this botindary expose high cuts 
in deep, mostly calcareovis, loess of Wisconsin age and older, 
overlaying calcareous till of Kansan or Nebraskan origin. 
If insufficient vegetation has been established on these 
slopes, severe erosion may occur, especially in the deep loess 
material. Till exposures in this area seem to suffer severe 
erosion only when they are of pronounced sandy texture or when 
large aand pockets occur. Until recently it has been common 
practice to make vertical cuts in the loess material. Aa of 
late, however, construction of 3:1 slopes In this area has 
begun. This accoTints for the fact that only a few back-
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slopes viere suitable for sampling for the purpose of this 
study. 
liackslopea in this category carried, In general, a fair 
to poor vegetation on the different weathering zones of loess 
and till. Good vegetation was mostly observed on the oxidized 
and calcareous zones in either loess or till. Of the two 
plant species, taromegrass and alfalfa, bromegrass seemed to 
prevail on leached loess. Both species occiirred in almost 
even proportion on all other soil materials. 
Even though highway backslopes may expose a succession 
of several geological strata, it Is not always possible to 
distinguish these strata on ordinary backslopes where grading 
operations have obliterated the boundaries between them. 
Ilant growth also lias, in places, obscured the picture even 
more. Distinctions between zones have, therefore, been made 
only on the basis of marked differences of plant growth there­
on. Such broad zones may often be comprised of several nar­
rower geological strata or weathering zones, 
A generalized profile in this area may include the fol­
lowing weathering zones from top to bottom: (1) aurflcial 
soil, (2) oxidized and leached loess, (3) oxidized and cal­
careous loess, (4) de-oxidized and calcareous loess, (5) oxi­
dized and calcareous till. Another type of generalized pro­
file is one v/hich reaches deeper into the till material. The 
v;;ith a 3:1 gradient seeded during or before 1953. 
following' sequence may then be observed; (1) aurt'lclal soil, 
(2) oxidized and calcareous loeaa, (3) oxidized and calcareous 
till (Kansan), (4) do~oxldiaGd and calcareous till, (5) oxi­
dized and calcareous till (Hebraskan), (6) unoxidlzed and cal­
careous till (Mebraakan). 
Loess material on the slopes under study seemed to be 
predominantly of Wisconsin age. The predominance to calcare­
ous loess is one of the features wVilch distinguishes this 
region from the south central and southeastern part of the 
state whore more non-calcareous (leached) than calcareous 
(unleached) loess is exposed on backslopes. 
Two slopes (Nos. 5 and 7) were surveyed and sampled in 
western Iowa which do not belong in the same pattern* Slope 
No. 5 is a cut in moraine material probably of the lowan 
drift, covered by a thin mantle of leached loess. Slope No. 7 
exposes moraine material and till in the un-oxidized and oxi­
dized stage. 
In the second region of the survey, approximately east 
of Highway 71, backslopes often give large exposures of till 
in many stages of weathering, covered by loess material to 
various depths. Many of the till exposures here show a suc­
cession of burled profiles, but again only a few zones in 
such profiles are of practical importance Insofar as they 
represent problem soils. Erosion occurs especially In the 
more sandy materials and it may become serious on ordinary 
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till if no satisfactory vegetation has been eatahliahed v/ithin 
a fow years after grading. 
Vogetation usually makes a fairly satisfactory growth 
in this area except on those specific problem zones which may 
constitute a large percentage of a backslope surface. Plant 
growth may bo virtually nil in such cases. 
Slightly weathered till material (Kansan and Hobraskan) 
supports, in general, a fair to good vegetation, but it ap­
pears that growing conditions must be made almost ideal by 
a strict following of standardized seeding procedures in order 
to insure a rapid establishment of plant growth on these 
soils. The results of field and greenhouse experiments have 
indicated that application of fertilizer, especially of a com­
bination of nitrogen and phosphorus will greatly speed up 
this process (38). 
The best grovirth is. In general, observed on the loesa 
material (Wisconsin) overlaying the till. There is an indi­
cation tliat vegetation on loess in this region is more luxuri­
ous than that in the western part of the state. A hi^^ihsr de­
gree of weathering, giving the materials properties which may 
make them more like mature soils, may account for this phe­
nomenon. 
Alfalfa and bromegrass occurred to equal extent on the 
leas weathered till material. Bromegrass appeared to be the 
dominant species on leached loess. In the case that any vege­
tation at all was present on ferretto zones and B horizons of 
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axxrl-'icial aolla, bromegrass plant.3 afiain ovitnumbered alfalfao 
A f;Gnorallzed profile soquenco in this area includes the 
following zones and horizons: (1) aurficial soil, (2) B-
horizon of surficial soil, (3) oxidized and leached loess, 
(4) oxidized and calcareous loess, (5) fossil ^ 2 horizon, 
(6) ferretto zone (fossil B horizon), (7) oxidized and leached 
till, (a) oxidized and calcareous till, (9) un-oxidized and 
calcareous till. 
An almost similar profile may include {^rabotil instead of 
a ferretto zone. The fossil Ag horizon in that case was 
usually less conspicuous on the backslopes observed in thla 
study. 
Loess material appears to be more weathered than in 
western lowaj leached loess occurs to a larger extent than 
unleached loess. Moreover, contents of free carbonates (pri­
mary or secondary) are far less than in the same material in 
the first region. 
One or two feet below the top of a backslope one may find 
fairly poor grov/th on the exposed Bg horizon of the surficial 
soil. Not more than a scanty vegetation is usually supported 
by the three problem materials which can be found below the 
present Bg horizon. These materials are a distinct very light 
gray or v/hite (when dry) fossil Ag horizon, a contrasting red­
dish brov/n ferretto zone and a gray gumbotil zone with plastic 
sticky clay when wet or hard and cracking when dry. 
Un-oxidized till may occur in the lower part of a back-
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slope. Vegetation on this material Is in moat places fair, 
but always far less satisfactory than It Is on the oxidized 
material Imiiiedlatoly above It • Extremely poor plant grov/th 
was observed In a fev/ instances on -un-oxldlzed till, but it 
ia believed that other circumstances rather than unfavorable 
soil conditions are to bo blamed for this condition. 
Two other kinds of material have been surveyed and sam­
pled which, however, do not strictly belong in the above-
described patterno 
Three slopes (Nos. 52, 53 and 54) expose both acid and 
non-acid shalo material. Grov/th is extremely poor on the add 
material and fair to poor on the non-acid shale. Exposures 
of shale on highway baclcalopes are not of common occurrence 
and have, therefore, been little studied in this connection. 
Sandy materials have been an object of study, either in 
the form of aeollan sand near big rivers (slope No. 21) or 
in the form of colluvium at the foot of backslopes in drift 
material (slopes Uos. 2 and 16). Plant growth on these ma­
terials is irregular and ranges from very poor to excellent. 
This difference in growth appears to have been caused by a 
wide range in soil physical and chemical properties within 
this group of seemingly like material. 
Characterization of ma.jor individual zones In backslcpes 
Of the 241 samples taken from different backslope ma­
terials, 192 samples were selected as representative of 
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sijeciflc zones. These 192 samples as a group were divided for 
each attribute of analysis into Interquartile Intervals. 
Four groups v;ere thus obtained in each case with an equal 
number of samples (i.e. 48) in each group. B'igares 2 to 6 
give frequency distributions based on these interquartile 
intervals for the following specific materials: till (combi­
nation of all slightly weathered till material), loess (combi­
nation of all sll^tly weathered loess material), B horizons 
(horizons of illuviation in surface soil), burled Ag horizons 
(Ag horizons in fossil soils), ferretto zones (oxidized red­
dish brown B horizons in fossil soils), gumbotil (deoxidized 
gray B horizons in fossil soils), and sand material (combina­
tion of aeollan and colluvial sand). Since each zone or group 
contains different numbers of observations, the frequency dis­
tributions are given in percentages rather than actual numbers 
of observations in each interval. This makes the comparison 
between soil materials more specific. 
Avera^^es of analytical data are given in Tables 2 to 4. 
Till and loess materials are here divided into their distinct 
zones of weathering. Data for oxidized and calcareous, oxi­
dized and leached^and de-oxldlzed and leached loess are, more­
over, separated according to their geographic location. 
''^One exception v/as made in the case of Initial nitrate 
where only three groups were made with an unequal number of 
samples in each group. 
Values of quartiles are presented in Table 1. 
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Table 1. Quartllos for a set of 192 observations on yields 
and 19 soil factors, plus class intervals for 192 
observations on the initial nitrate factor 
til *^2 % 
Yield (gm./plot) 
Sand (%) 
Silt (%) 
Clay {%) 
Mean diameter 
of aggregates (mm«) 
Volume wei^t (gm./cc) 
Wilting point (fo) 
Moisture equivalent (%) 
M.E. - {%) 
Total porosity i,%) 
Aeration porosity {.%) 
Capillary porosity {%) 
pH 
Mitrif. N (lbs./A) 
Avail. P (lbs./A) 
Avail. K (lb3./A) 
Cation exoh. cap. (me.) 
Exchangeable H (me.) 
Total exoh. bases (me.) 
Base saturation {%) 
Initial N (Ibs./A) 
12 69 125 
15.0 30.7 41.2 
28.0 34.6 54.7 
20.2 29.1 36.9 
.192 .352 .571 
1.33 1.45 1.56 
9.6 12.4 16.3 
20.7 24.6 28.4 
9.7 11.3 13.5 
39.9 45.2 50 »9 
5.8 8.6 12.9 
30.2 35.6 40.7 
6.72 7.25 7.95 
3 12, 30 
1^ 3 
L93 250 300 
13.4 18.2 22.0 
0.1 1.4 2.8 
12.3 16.2 19.5 
86.5 91.8 99,9 
Group I Group II Group III 
1 (24)° 3 (128) 3 (40) 
^Available water measured as difference of moisture 
equivalent and wilting point. 
•L. 
Qg combined. 
"Figures in parentheses refer to number of samples in 
each interval. 
Figure 2« Hiatograma representing frequency distributions 
of plant yields, sand, silt, and clay contents, 
and volume weights within seven backslope ma­
terials • 
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Figure 3. Iliatograma representing frequency distributions 
of mean aggregate diameters, total porosity, 
aeration porosity and capillary porosity within 
seven backslope materials. 
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Figure 4. Histograms representing frequency distrilDutiona 
of wilting point, mois^re equivalent and avail­
able water (moisture equivalent minus wilting 
point) within seven backslope materials. 
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Figure 5. Hxatograms representing frequency distributions 
of initial nitrate, nitrifiable nitrogen, avail­
able phoaphorua and available potassium within 
seven backslope materials. 
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Till material« As a group this material includes all 
till in which weathering has progressed but little. Ferretto, 
gumbotil and fossil Ag horizons, originally developed from 
till, are not Included in this group but will be described 
separately# Till materials are, in general, loamy and include 
sandy loams and clay loams• Colors range from dark olive gray 
(5Y3/2 - 5/2) for un~oxldized zones to yellowish brown 
(10YR4/4 - 5/8) for oxidized stages. A few samples, not 
strictly belonging to gumbotil or ferretto zones but closely 
associated with these materials, had a light gray matrix 
(5Y7/2) variegated with brownish yellow (10YR6/7). 
Velues for volume weight and aggregation for all till 
samples appear to be higher thaii the average of the backsloxje 
materials. Eighty percent of the samples fall in the lov/er 
category of total porosity which is mostly due to a general 
lower capillary porosity. Wilting percentage is on the low 
side viiile all but 10 percent of the samples fall in the two 
lower Intervals for moisture equivalent. (M.E. 24,65?S)« 
Available water as measured by (M.E. - W.P,) is, consequently, 
lower than average. Initial nitrate and nltrifiable nitrogen 
are slightly higher than average v/hile available phosphorus 
shows a relatively even distribution, except for the fact that 
only 6 percent of the samples have more available phosphorus 
than 3 lbs./acre. The frequency distribution for available 
potassium has a slight peak in the third interval (250-300 
lbs./acre). Seventy-three percent of the till samples have 
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a pH hljT^ier than 7.25, The large number of samples with low 
cation exchange capacity, low exchangeable hydrogen, low total 
exchangeable bases and high base saturation is apparent. 
A comparison between the data for different weathering 
zones (Table 2) shows that de-oxidized and leached till, which 
is probably more weathered than any of the other zones, is 
slightly more clayey. 
Aggregation data soem to indicate that the water stabil­
ity of aggregates or fragments decreases with weathering. The 
values decrease viz. from .927 mm. and .817 mm. for unleached 
till to .633 mm. and .486 mm. for oxidized and de-oxidized 
leached till respectively. The wilting point lias increased 
in the de-oxidized state, probably clue to t?ie higher clay 
content. However, since moisture equivalent did not increase 
accordingly, the amount of available water is reduced. A 
marked decrease in aeration porosity and simultaneous increase 
in capillary porosity aeema likewise to be closely correlated 
with the change in clay content. 
The amount of available potassium in un-oxidlzed till 
is distinctly hi^^er, and nltrifiable nitrogen is lower than 
those for oxidized and de-oxidized till. Exchangeable proper­
ties show a distinct increase witia v/eathering as may be ex­
pected. The increase in average exchange capacity is as much 
as 60 percent. 
Loess material. Texture of loess materials in the 
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Table 2. Average values of plant ylelda and 20 soil factors 
In four weathering zones in till material 
U .T.^ O.U.T. O.L.T. D.L.T. 
(17)^ (20) (17) (5) 
Yield (gm./plot) 1(4) - 43.0 38 ,3 36.6 
92(13) 
Sand {%) 38.3 43,0 38,3 36.6 
Silt {%) 32.4 28.8 31.8 28.2 
Clay {%) 29.2 28.2 29.9 35.2 
Mean aggr. diam. (mm#) .817 .927 ,633 ,486 
Vol. wt» (gm./cc.) 1.50 1.56 1, 51 1,53 
Vi'ilting point (%) 11.0 10.1 12.7 14,4 
Moist, equiv. {%) 20.7 20.5 22.7 21.1 
M.E.-W.P.° (%) 9.7 10.4 10.0 6,7 
Total porosity {%) 39.6 39.0 38.2 41,6 
Aeration poros. {%) 8.9 10,0 8.5 4,5 
Capillary poros. (/») 30.7 29.0 29.7 37,1 
PH 7.9 8.0 7.1 6,8 
Initial N (Itas./A.) 3.4 4,5 4,2 3,0 
Witrif. N (lbs,/A.) 22.4 28.2 29,6 24.0 
Avail. P (lbs,/A.)  0.9 0.7 1.5 0.6 
Avail. K (lbs./A.)  299 243 257 246 
Cation exch, cap. (me.) 12.1 13.6 17.2 20.0 
Exchangeable H (me,) 0.0 0.0 1.8 2.4 
Total exch. bases (me.) 12 .1 13.6 15 ,4 17.6 
Base saturation {%) 100 100 89 88 
li.U.T. = unoxidlzed and unleached till 
O.U.T. = oxidized and unleached till 
O.L.T, = oxidized and leached till 
D.L.T, =; deoxidized and leached till 
"K 
Figures in parentheses refer to number of samples of 
which average values were obtained. 
Available water measured as difference of moisture 
equivalent and wilting point. 
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gurveyod region ranges from silt loam to ailty clay loam de­
pending on location and degree of weathering. Colors vary 
•from yellov;isli brown (10yR4-5/4-5) and lif!;ht olive brov/n 
(2.5Y5/4) for the oxidized state, light brown gray (2.5Y5-6/2 
to 5Y5/2) and light olive (5Y6/2) for the de-oxidized zones# 
Eighty percent of this material has yields which fall 
in the upper two yield classes as was also observed in the 
case of till materials# A further comparison with till re­
veals that for many of the attributes loess has frequency 
distributions which are complementary to those of the till. 
This is especially striking in the case of sand and silt 
content, volume weight, the various moisture percentages, 
acsregation, total porosity and available phosphorus. This 
might Indicate that a hi^ Intercorrelation exists betv/een 
these factors, the primary cause being located in textural 
differences, Thus, in the case of loess, one may exj^ect t?iat 
lov/ sand and hi^^i ailt contents can be related to low volume 
woif?il:it, a higher v/ater availability (as measured by M.E. -
V'i.r.), a lov/er percentap;e of v/ater stable aggregates and a 
high total porosity# It is doubtful if the amount of avail­
able phosphate is directly related to the texture per se« 
The fact that about 60 percent of the samples occxir in the 
highest interquartile interval for available phosphorus might 
be explained by the fact that the major phosj^hate carrying 
mineral, appatite, occurs in the silt fraction predominant in 
loess• 
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All other chemical characteriatica follow a relatively 
oven distribution excej^t for the cation exchange capacity 
w,'here half of the aamiplea fall in the third Interval (18,25 -
22.05 me.). V/lth 50 percent of the population of loess sam­
ples in the second interval for clay (20.2 - 29,l;i), a rou^ih 
calculation gives an average cation exchange capacity for 
this clay fraction in the neighhorhood of 80 me. Assuming 
that orr^anic matter la practically absent, this indicates 
that clay minerals present in loess must bo largely of the 
montmorillonlte type. 
Table 3 shows some obvious change in properties of oxi-
dized loess material with the degree of weathering. This ia 
recognizable not only by the degree of leaching but also by 
the geographical location of the loosa materials. Previous 
authors (22,23,24,54,60,61,62) have found that v/eathering in 
loess has progressed with the distance between source and lo­
cation of deposit. The present findings indicate that leached 
loosa has a lovirer sand and higher clay content than calcareous 
loess. 
The most prominent differences between calcareous and 
leached loess are increased ac'gregation (from .019 mm. to 
• 398 mm«), vrlltinf, point (from 8,9% to 13.9^), moisttire equiv­
alent (from 22.7jSj to 26*5fo), and cation exchange capacity 
'^Averages for de-oxidized leached and unleached loess 
have been omitted since only a limited number of samples 
representative of these zones were available. 
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Table 3. Average values of plant yields and 20 soil factors 
for two weathering zones in loess material in differ­
ent regions of deposition 
Oxidized and Oxidized and 
unleached loesa leached loess 
E vv C E 
(6)^ (7) (4) (5) (14) 
Yields (gm./plot) 104 165 39 158 121 
Sand {) 18,7 16.3 12.9 15,2 12,4 
Silt {%) 69,9 68.2 63.2 61,9 59,3 
Clay {%) 11,4 15.5 23,9 22,9 28.3 
Mean aggr, diam, ( mm,) .036 .019 .367 ,444 ,398 
Vol, wt, (gm. / c G . )  1,27 1.34 1,28 1.31 1.34 
Wilt, point {%) 9,0 8,9 16,2 12,0 13,9 
Moist, equiv, {%) 21,0 22 .7 25,8 27.9 26.5 
M.E,-W.P,® {%) 
fo) 
12,0 13.8 9.6 15,9 12,6 
Total porosity ( 51,5 50.1 53.8 50,5 44,4 
Aeration poros, ( %) 10,8 11,6 13,6 11,7 9,5 
Capillary poroa, ( %) 40,5 38,5 40.2 38,8 34.9 
pH 8,2 8,2 6.8 7,0 6.7 
Initial N (lbs./A.) 3,5 2.6 3,8 5.4 3.8 
Mtrif, N (lbs./A.)  24,0 14.0 21.0 21,0 24.9 
Avail, P (Ibs./A.) 1.2 3.1 3,8 6,4 5.5 
Avail, K (lbs./A,)  338 188 327 298 241 
Cation exch. cap. (mo,) 16.6 15.1 21,5 18,6 20.2 
Exchangeable H (me,) 0.0 0.0 3,1 2.7 2.7 
Total exch, bases (me«) 16.6 15.1 18,4 15,9 17,5 
Base saturation {%) 100 100 86 85 87 
= region west of highway 71. 
C = region including backslope numbers 10, 14, 15, 16, 
17 and 18, 
E = region including all backslopes east of highway 69, 
b 
l-'igures in parentheses refer to number of samples of 
which average val^ies v/ere obtained, 
^Available water measured aa difference of moisture 
equivalent and wilting point. 
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(from 15.1 m©B to 20,2 me.)» All these increases may be oor-
relatod again with a simultaneous increase in clay content 
(from 15,5^ to 28.3/o) which in this case does not seem to have 
been affected by deposition Init by increased v/eathering. A 
further increase in clay content and a relative decrease in 
aeration and capillary porosity is caused by difference in 
distance between source and location of loess deposits. A 
reniarkable decrease in available potassium occura also from 
west to east, both in leached and unleached loess. 
B horizons. Materials included in this group may have 
developed under different conditions of plant grov/th (grass or 
trees) and may belong to quite different soil types. Hetero-
geneoua though they may be, they are grouped here together 
because they may have several factors in common with respect 
to re-vegetation of backslopes. They are, in general, of 
gilty clay loam texture and range in color from dark yellowish 
brown (10YR4/4- - 5/4) to lig;ht gray brown (2.5y5/2), All B 
horizons studied appeared to have been developed from loess. 
Consequently, they may be considered as loess zones in which 
vjeathering has progressed to a groat extent. 
Texturally, they contain an average of seven percent 
more clay than the oxidized leached loesa in eastern lovm. 
^Figures quoted here refer to loess material in the 
eastern itiart of the state, but similar differences are ob­
served in the western p-art. 
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Due to their higher clay content they have a higher aggrega­
tion, lower aeration jjoroaity, higher v/iltlng; point and 
moisture equivalent and higher cation exchange capacity than 
Is average for loeaa materials (see hlatoc.rama) • 
Average values for B horizons (Table 4) as compared v/lth 
those for oxidized or leached loess (Table 3), however, reveal 
that both groups of imterlals are very much alike in soil 
physical properties. In this respect it is interesting to 
tiote that even though the B horizons have a distinctly higher 
clay content, the total content of fine material, silt plus 
clay, is approxittiately the same in both cases. One might 
infer from this that fihysical conditions are as well deter­
mined by the total ailt and clay content as by the clay con­
tent alone. The largest difference between B horizons and 
oxidized and leached loess occurs in the content of nitrifi-
able nitrogen which is only 5.8 lbs./acre In B horizons as 
compared to 21.0 to 38.4 lbs./acre in the latter group. The 
average phosphorus content of B horizons is remarkably high 
in comparison with that of all other backslopo materials. 
Another hl;;^ value occurs in the form of exchangeable hydrogen 
(5.3 me.) which is only second to that in acid shales (8.5 
me.). Base saturation percentage and pH are, consequently, 
exceptionally low and follow the similar relationships. 
!3uried Ag horizons. These horizons have been described 
by Simonson (50,51) who pointed out the likeness of the buried 
Table 4. A'verage values of plant yields and 20 soil factors for six backslope 
materials 
B hor. 
(10)^ 
Buried 
Ao horo 
"^(10) 
Ferretto 
zone 
(14) 
Gumbo-
til 
(16) 
Sand 
material 
(7) 
Shale 
acid alk. 
(2) (2) 
Yields (gm./plot) 17 12 8 9 52 4 37 
Sand {%) 11.0 35.9 42.2 20,6 77.1 35.4 9.0 
Silt {%) 53.2 40.8 22.5 31.2 17.0 32.7 35.2 
Clay {%) 35.8 23.3 35.3 48.2 5.9 31.9 55.8 
I-iean aggr. diam. (mm.) .349 .201 .380 .426 .211 .318 .216 
Vol. wt. (gm./cc.) 1.32 1.60 1.51 1.37 1.60 1.52 1.39 
Wilt, point (/o) 16.3 7.7 15.9 21.2 3.1 11.5 15.5 
Moist, equiv. {%) 29.6 19.3 27.2 57 . 5 7.2 21.4 25.9 
'c — V; ts b l<^fA 13.3 11.6 11.3 15.3 4.1 9.9 10.4 
Total porosity {%) 50.9 32.4 42.8 55.4 35.7 40.2 49.9 
Aeration poros. '\%) 10.5 7.0 5.7 5.8 17.6 9.0 8 .3 
Capillary loros. {%) 40.3 25.4 37.1 49.6 18.1 31.2 41.6 
pH 6.0 6.8 7.1 7.1 8.14 4.6 8.1 
Initial K llbs./A.) 2.8 3.0 2.6 2.9 5.6 1.8 0.5 
[;itrif. K  (lbs./a . )  5,8 4.3 2.7 3,2 39.0 1.8 6.0 
Avail. F  (lbs./a . )  9.8 0.6 0.5 0.5 2.1 7.8 0,5 
Avail. K  (lbs./a . )  280 lis 209 296 139 240 172 
Cation exdi. cap. (me.) 23.0 12.0 21.3 25.8 6.3 13.4 16.0 
Exchang e ab le E (me . ) 5.3 2.0 1.9 2.6 0.2 0.5 0.0 
Total exch, bases (me.) 17.7 10.0 19.4 23.2 6.1 4.9 13.0 
r^ase saturation {%') 77 83 91 90 97 36 100 
^Figures in parentheses refer to number 
obtained. 
iivailable water measured as difference 
point. 
of samples of v/hich average values were 
of moisture equivalent and wilting 
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profile of v/hlch they are a part with that of the present-day 
I-lano3ol3» The buried soils have been formed in till either 
under grass or forest vegetation. This light-colored materi-
b1 (yellowlah brovm to pale olive: 10YR5/5, 2.5Y6/4, and 
5Y6/Z) with occasional light gray fine mottling) has a wide 
range in texture from silt loam via loam to sandy clay loam, 
Simllarltiea between Ag horiaona and till material, from 
v/hich they mziy in part be derived, may be observed from the 
frequency distribution of the samples. Notable deviations 
occur in aggregation, moiatvire equivalent and available vmter 
(M.E. - W.P.). The nature of Ag material warrants comparison 
v/ith average values of leached till zones. Aggregation ap­
pears to be far less and volume weight is somewhat higher in 
the case of Ag material. Wilting point and moisture equiva­
lent are indeed lov/er but the difference between these two 
values yields an amount of available v/ater which is almost 
equal to that in oxidized leached till. Porosity data are 
slightly lower too. Average data for nitrogen and potassium 
indicate the extremely leached and chemically poor character 
of these Ag materials. Kitrifiable nitrogen content in Ag 
horizons is 4.5 lbs./acre as compared to 29.6 lbs./acre in 
oxidized and leached till. Available potassium is likewise 
decreased from 257 lbs./acre to 119 lbs./acre. Compared v/lth 
leached till, there is a larger difference in cation exchange 
capacities (from 17»2 me. for leached till to 12.0 me. for Ag 
materials) than in exchangeable hydrogen (from 1.8 me. to 
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2.0 mo. reapectlvely) roaxilting In a lower percent baae satu­
ration for Ag material# 
B'erretto zones, Kay and Apfel (25, p, 246) described 
forrotto formations as "distinctly reddish compact leached 
till at the top of the drift", and postiilated that ferretto 
zones occurred only where erosion had removed the covering 
gumbotll. Wow it is commonly accepted that both ferretto 
zones and gumbotll are highly weathered zones of maximum 
clay accumulation comparable v/ith B horizons in modern soil 
profiles (48,51). The difference between ferretto zones and 
gumbotll seems to bo caused by prevailing drainage condltiona 
and vegetation at the time of formation. It seema, there­
fore, that ferretto zones occur in burled soils with profiles 
which would now be classified with the Gray-Brov/n Fodzolic 
Soils. Giambotils likewise occur in buried soils with pro­
files similar to those of the Planosols (50,51)o 
Ferretto zones Included in this survey have materials 
of clay loam texture, which oftentimes grade into the more 
sandy loam and loam classes. Their colors vary from brownish 
yellow and yellowish brown (10YR5/7) to strong brown (7.SYR 
5/6), mostly variegated with red and yellow red. They ai-e 
somewhat richer in clay than the till material from which 
they are derived. (See histograms). Consequently, they have 
a higher than average wilting point and moisture equivalent 
iTut are like till In total water availability (M.E. - W.P.). 
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Woat (75^) of the forretto samples liave an aeration porosity 
lovrar than 8.6 percent and a high capillary porosity. This 
again is in api)arent correlation with their hl^^ clay con­
tent. Compared with ordinary oxidized and leached till 
("I'able 2) ferrotto materials appear to have a lower value for 
water stable aggregates (.380 ram. versus .633 mm. in leachod 
till) which in this instance mi^t be related to a higher 
degree of weathering. A similar relationship of decreased 
aggregation v/ith degree of weathering v/as noted among the 
various v/eathering gp^oups of till. 
Average values for nitrogen and i^hosphorus are even 
lower than those for A2 materials, and are, as a matter of 
fact, lower than in any other backslope material v/ith the 
exception of shales. 
Cation exchange capacity is approximately 25 percent 
higher than in oxidized and leached till, but is almost the 
same as in the deoxidized and leached till. 
Cumbotil. Material belonging to this group is generally 
of distinct clayey text-ure. The color is light brownish gray 
(2.5Y6/2) or light olive (5Y6/2), variegated in different 
degrees with yellow, yellowish brown, strong brown or yellov/ 
red. It may easily be distingaished from ferretto material 
by its color and texture. Its clay content is considerably 
higher than that of ordinary de-oxidized leached till, with 
which it may be compared and is, in fact, maximal in compari-
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aon with any othoi' backalopo nifiterial (with the exception of 
the two non-acid ahale samples). Ninety percent of the sam­
pled fjiimbotila had clay contents higher than 36,9 percent, 
while the average clay content v/aa 48.2 jjercent. 
Volume weit^it (1.37 gr./cc.) is about 10 percent less 
than that of any of the other till materials including fer-
retto. 'i'hls may toe attributed to its hifjh capillary porosi­
ty. Aeration porosity is as lov/ as that of ferretto materi­
al. Aggregation is between that for ferretto and de-oxidized 
and leached till. Vi/ilting point, moisture equivalent and 
maximiim v/ater availability are higher than for any other ma­
terial found on backslopes. The average value for wilting; 
point is 21.2 percent and for moisture equivalent, 37,5 per­
cent. As in all problem materials, nitrlfiablo nitrogen is 
low. Available potassium is very high for till-derived ma­
terial and cation exchange caimoity (average of 25,8 me.) 
appears to bo again a maximum value. Both high values may 
be explained by the hl^ content of, presumably, highly 
v/eathered clay material. 
Sand material. This group contains rather heterogeneous 
material as has been noted before; but due to the distinct 
textural feature of very high sand, associated v;lth low clay 
and silt contents, it is interesting to observe possible 
simultaneous changes in various soil properties. The follow­
ing close correlation with texture may be observed; A high 
64 
average volume v/algjit of 1,60, a value which v/as found only 
In burled Ag material; extremely lov; averages for wilting 
point (3,1;^), moisture equivalent (7.2/0* M.E, - Y/.P» (4.1;^), 
capillary porosity (la.lJS'O and total porosity (35.7^); and a 
simultaneous maximum average value for aeration porosity 
(l7«6^o)« None of these values is equalled by those in other 
soil materials except for total porosity irahich is minimal 
in the case of Ag material (32.4^). The contents of Initial 
and nitrifiable nitrogen are remarkably high—as a matter of 
fact, maximal—v/hile available potassium is second, lowest, 
with 139 lb a./acre, after that in Ag material, with 119 lbs#/ 
acre. The cation exchange capacity is, according to expecta­
tions, quite low (6.3 me.). 
The color of these sand materials is predominantly light 
olive brov/n (2.5Y5/4) indicating the presence of some organic 
matter, which, in its turn, accounts for the high figures 
for nitrogen. 
Shale. A few of the prominent features of this material 
will be disciissod here even though only two samples of each 
kind, acid and non-acid shale, were obtained. 
The acid shale material is gray brown (lOYPi5/4) or yel­
lowish brown (10YR5/8) and of clay loam texture. In x^hysteal 
characteristica it is much like till. The distinct feature 
is, of cotirae, its acidity recognizable by low pH (4.6), 
high exchangeable hydrogen (8.5 me.) and low base saturation 
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(36/i)) • Vegetation is obviously limited due to this high 
acidity which may be toxic to the plants. The high phos­
phorus content (7.8 lbs./acre) is curious. 
The two samples of the non-acid material were dark 
gray-brov;n (10YR4/2) and olive (5Y5/4) respectively, i3oth 
had a clay textxire with an average maximal amoxint of clay 
of 55.8 percent. The usual properties of water percentages 
and porosity are again correlated v/ith this high clay con­
tent. 
From the above diacusaion on soil materials it is quite 
obvious that many of the measured soil properties are inter-
correlated. It appears that many of these correlations are 
caused primarily by asaoclation with specific textural fea­
tures. These again appear to be largely determined by the 
way In v/hioh. deposition of the material occurred (in the 
case of loess materials) or by the degree of weathering to 
which the material has been subjected. 
The shift in texture from sand to clay may thus be ob­
served in the following two sequences: 
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(1) LO033 mater-ial 
(Woathering 
effect) 
(Weathering 
effect) 
•Oxidizod and calcareoxia loeaa in 
western region (11.4/0 
(deposition effect) 
Oxidized and calcareous loosa in 
^eastern region (15,5^) 
Oxidized and leached loeaa in 
western region {2?>,9%) 
(deposition effect) 
Oxidized and leached loess in 
^eastern region (28.3^) 
horiaon of aurficial aoil {35^8%) 
(2) Till material 
Oxidized and calcareous till (28,2%) 
Oxidized and leached till {29,9%) 
De-oxidized aiul leached till (35»2^) 
i 
Gumbotil (48.2^) Ferretto (35.3^) 
Eastern and western region as defined on p. 33« 
"'^''"Average clay contents. 
All changes under influence of weathering. 
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Statistical Evaluation of Relatlonahlpa between Yields and 
Soil Factors and Interrelationships among Soil Factors 
Preliminary InvostlRatlona 
In order to avoid large differences In yields due to 
other than soil factors, all available sampling material was 
carefully examined previous to statistical analysis. Results 
of this examination suggested that plot yields of backslopes 
seeded in 1954 or later were invariably below the overall 
average of yields. It was, therefore, decided to eliminate 
all observations falling in this category from the total num­
ber of observations so as to avoid distinct heterogeneity in 
the sample popilatlon. A chl-square test of independence on 
the remaining observations with respect to four years of 
seeding (1950 through 1953) produced chl-square equal to 
7.20, d.f. = 9, P = 0.61. Interaction between year of plant­
ing and yields was thus insignificant if seeding was done 
during or before 1953. 
Chl-square was also calculated for the eliminated group, 
in a test on homogeneity of yields. Frequencies of yields in 
interquartile intervals were, in the case of the eliminated 
group, 15, 21, 9 and 5 respectively. Vi/ith a theoretical 
value of 12.5 in each cell, chl-square was equal to 147.00, 
d.f. = 1. This large value for chl-square demonstrated that 
distribution of i:ilot yields seeded in 1954 or later was 
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definitely different from that of the overall yield distribu­
tion. 
After elimination of obaervationa belonging to this ex­
traneous group, a total amount of 192 observations was left 
for further analysis. Oroupings v/ere next made on the basis 
of supposed climatic differences. Rainfall data, recorded 
since 1950 by weather stations closely located to sampled 
backslopes, were examined. It was possible to delineate 
certain areas on the basis of similar annual rainfall distri­
butions since 1950. All 192 samples were divided over five 
such areas. A chi-square test on independence provided chi-
square eqiial to 21.10 with 12 degrees of freedom. Comparison 
with a chi-square table revealed that about 5 percent of 
random samples from a hypothetical homogeneous population 
could be expected to attain values larger than that. This 
would lead to rejection of the hypothesis of independence, 
but a closer inspection of the groupings revealed that the 
yields of all samples in the Wisconsin loess region (the 
western region in this survey) were included in one particu­
lar climatic group. This group alone gave chi-square = 8.83, 
d.f. = 1, P<,01, meaning that yield distribution within 
this group was entirely different from the overall distribu­
tion of yields of all samples combined. 
The fact that yield distribution within the group was 
far from normal merely indicated that loesslal soils gave 
rise to hi^er frequencies of yields in certain interquartile 
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intervals, specific for these materials. The test of inde­
pendence which was meant to evaluate the absence of inter­
action between ylelda and climate was, in this case, con­
founded with another interaction betv/een yields and soil 
materials. In order to eliminate the Influence of the lat~ 
ter it was necessary to exclude that particular climatic 
group in the test of independence. A new test on four cli­
matic groups yielded chi-square equal to 12.27, d.f. = 9, 
P = 0.20o This relatively small value for chi-square was 
nonsignificant and Indicated that the hypothesis of indepen­
dence coxild not be rejected. No observable interaction be­
tween climate and yields could hence be expected. 
A final test of Indexjendence was carried out v/ith 
respect to aspect of slopes. I''or this test only those yields 
were included v/hich came from experimental plots with compar­
able distributions of subsoil materials. The test included 
a total of 170 observations and yielded chi-square equal to 
11.65, d.f. = 9, P = .24. The hypothesis of independence 
could not be rejected again, and the legitimate assvimption 
was tiiade that in this study slope aspect had no significant 
inflvience on yields. 
After having thus assured that the 192 observations rep­
resented a fairly homogeneous population with respect to year 
of planting, climate and slope aspects, an analysis was in 
order to determine the association between yields and selected 
soil factors and yields within the total sample. 
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Chl-aquare testa of asaoclatlon betv/een factors 
All ob gervations on each factor v/ere divided into inter-
quartile intervals using the median as the average of con-
contration (55)» Division in interquartile intervals v.'a3 
preferred above using three groups with the mean as center 
of concentration because of a distinct skewness of frequency 
distrlMtions of some factors# One exception was made in 
the case of the initial nitrogen factor. Because of a natu­
ral grouping in the available data, only three groups (of 
unequal size) could be formed instead of four. With all 
observations grouped in intervals, 4x4 tables were con­
structed and chi-square was calcixlatod for each possible com­
bination between yields and the 20 selected soil indices and 
among these soil indices. This resulted in a total of 210 
combination tables. 1'he chi-square values are given in 
Table 5. 
Chi-square measures whether observed departures from 
Independence are significant or nonsignificant. If the de­
viation is such that the probability of obtaining values as 
large or larger than that for the calculated chi-square, is 
more than 5 percent, the association is non-significant. The 
departure from normal may, in that case, be attributed to 
chance. If, on the other hand, the deviation is significant 
(P <, .05), a definite association between the two tested 
The quartile valties were presented before in Table 1, 
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Table 5» Chi—stjuaxo^  of aosooiation botwoon yiolds and twenty soil faotora in 4 x 4 olaaa 
Sand Silt Clay Aggr. Vol. Wt. W. P, M. E. M.S 
Yield 7.4(o)^  12.4(+) 23.4(-) 26.5{+) 6.2{-) 24.3{-) 23.5(-) G.I 
Sand 150.0(-) 58.4(-) 22.0(+) 97.5(+) 97,0(-) 148.O(-) 97, 
Silt 150.O(-) 37,7{-) 34.2(-) 6a.o(-) 23.0(+) 48.0(+) 49, 
Clay 58.4(-) 37.7(-) 54,0(+) 8.7(+) 11,3(+) 81.7(+) 24. 
Aggr. 22.0(+) 34,2(-) 54.0(+) 12.3(0) 38.7(+) 28 ,7( 0 )  29. 
Vol. Wt, 97.S(+) 68,0(-) 8.7(+) 12.3(o) 35.4(-) 66,0(-) 56. 
V/. P .  97,0(-) 23.0( + ) n.3(+) 38.7(+) 35.4(-) 214.0(+) 36. 
M. S, 148,O(-) 48,0(+) 81.7{+) 28.7{o) 66,0(-) 214.0(+) 105, 
M aS.HV .P. 97,5(-) 49.5(+) 24.2(+) 29,0{-) 56.0(-) 36.2(+) 305,2(+) 
Tot, POT. 93.0(-) 39.2{+) 32,7(+) 17,3(o) 139.O(-) 76,2(+) 119,7(+) 57. 
Aer. Por, 9.7(o) 14.3(+) 32.3(-) 35,0(+) 34.0(-) 27,5{-) 36.7(-) 7. 
Cap. Por. a2,2{-) 32,7{+) 70,3(+) 13.5(-) 77.7(-) in8.o(+) 143.0(+) 69. 
pH 29.4(+) 19.0(-) 25.3(-) 14 .5( 0 )  7.2( + ) 51.8(-) 43.7(-) 18. 
Init. N 3.4(+) 5.9{-) 13.21-) 5,3( 0 )  1.1( 0 )  13.4( 0 )  2.3( 0 )  1. 
Nitrif. N 15.1( + ) 8,3(+) 25,2{-) 33.0(+) 12,0(+) 30,5(-) 31.7(-) ao. 
Avail, P 62.9(-) 87.8{+) 21,0(-) 26 .4{-) 22.6(-) 12.0( 0 )  15.1(+) 20, 
Avail. IC 48,9(-) 24.0(+) 39,3(+) 41.2(+) 38.7(-) 63.8(+) 54,3(+) 20, 
C,E.C, 98.5(~) 44.2('»-) 68.3(+) 21.3(+) ' 52,7(-) 199.5(5) 183,0(+) 59, 
Sxoh. H 34,4(—) 22.3(+) 39.8(+) 22,0{+) 28 .5(-) 61.2(+) 57,2( + ) 24, 
69.7(-) 23.S(+) 71.0(+) 16.7(+) 52,3(-) 156.0(+) 133,0(+) 50. 
 ^B.S. 27.0(+) 19.0(-) 37.B(-) 10,0(-) 10,0( + ) 43.7(-) 41.8(-) 21. 
^or determination of oignificanoo of ohi—Bquaren onrapare vfith follo»ring values 
(from information by Fiuher (I9)t  
P=« .99 ,98 .95 .90 ,80 ,70 «50 « 
• 2.09 2.53 3.32 4.17 5,38 6,39 8,34 10. 
S^ymbol in parontbeaeB refers to Eiign of correlation. 

ity eoll faotors In 4 s: 4 olaasifioationa* 
rt. V/. p. M, E. M.E.-^ .P. Tot. Por. Aor. Por. Cap. Por. pH Init. N Hitrif. H A 
-) 24,3(-) 23,5(-) 6.0(-) 16 •4(-) 34,0(+) 26 •4(-) 15,1{+) 20,8(+) 92.5(+) 
+)  97,0(-) 148.0(-) 97.5(-) 93.0(-) 9,7(o) 82.2{-) 29,4( +) 3.4(+) 15,1(+) 
-) 23,0(+) 48.0(+) 49.5(+) 39.2(+) 14,3(+) 32,7(+) 19 .0(-) 5.9(-) a.3(+) 
+)  11.3(+) 81.7( + ) 24.2( + ) 32.7(+) 32.3(-) 70.3(+) 25.3(-) 13,2(-) 25.2(-) 
o) 38.7{+) 28.7{o) 29.0(-) 17o3(o) 35,0(+) 13,5(-) 14,5(o) 5.3{o) 33.0(+) 
35,4(-) 66,0(-) 56.0(-) 139.0(-) 34.0(-) 77.7(-) 7.2(+) l.Ko) 12.0( 0 )  
>-) 214.0(+) 36.2(+) 76,2(+) 27,5(-) 108,0(+) 51,8(-) 13 .4( 0 )  30.5(-) 
[-) 214.0{+) 105.2(+) 119,7(+) 36,7(-) 143,0(+) 43.7(-) 2,3( 0 )  31.7(-.) 
1 - )  36.2(+) 1^5.2(+) 57.8(+) 7,5(-) 69.0(+) 18.7(-) 1,5( 0 )  20.7(-) 
[-) 76.2{+) 119.7(+) 57,8(+) 18.0( + ) 168.0(+) 9.7(-) 5,6( 0 )  14.5(-) 
(-) 27.5{-) 36.7(-) 7.5(-) 18.0(+) 27.8(-) 28.2{+) 11.0(+) 46.7(+) 
(-) ino.o{+) 143.0(+) 69,0( + ) 168.0(+) 27 .8(-) 20,0(-) 6.6(0) 39.5(-) 
(+ )  51,8(~) 43.7(-) ia,7(~) 9.7(-) 28,2(+) 20«0(-) 10,3( 0 )  15.0( + ) 
( o )  13,4(o) 2.3(o) 1.5(o) 5.6(o) 11.0(+) 6.6(o) 10o3(o) 14.1( + ) 
{+ )  30.5(-) 31.7{~) ao.7(-) 14.5(-) 46.7(+) 39.5(-) 15.0{+) 14.1( + ) 
(-) 12.0(o) 15,1(+) 20,9(+) 19,4(+) 9,8{+) 10.1(+) 6.3(-) 11.8( + ) 16.2(+) 
(-) 6B.8(+) 54,3{+) 20.5( + ) 55,3(+) 19,7(+) 31«0(+) 1S.8{-) 16.8(+) 14,2( + ) 
(-) 199,5(5) 183,0(+) 59.5( + ) 82.0(+) 13.7(-) 107.3{+) 50.8(-) 6 .3( 0 )  35.0(-) 
(-) 61.2(+) 57.2( + ) 24.0(+) 32,3(+) 35,7(-) 3a,o(+) 17a,9(-) 23.8( 0 )  17.0(-) 
(~) 156.0(+) 133.0(+) 50.0( + ) 76.0(+) 13.5(-) a6.5(+) 34,7(-) 4.8( 0 )  36.0(-) 
(+ )  43.7(-) 41,8(-) 21,8(-) 17.7(-) 30,5(+) 26,0(-) 176.0(+) 1B.5(+) 15,8(+) 
oorapttTO with following valuao and prol)abllitl«o)[ 
10 ,70 «50 <30 *20 
18 6,39 8«34 10.66 12*24 
>iim« 
•10 
14*68 
,05 
16.92 
«02 
19,68 
,01 
21,67 
•001 
27,88 

Init. N Nitrif. H Avail. F Avail, K C.B.C. £xoh, H T.E.B, % B.3, 
20.8(+) 92,5(+) 21.7(+) 19.5{+) 29.2(-) 16.1(-) 30.3(-) 12.2(+) 
3.4(+) 15.1(+) 48 .9(-) 98,5(-) 34.4(-) 69.7(-) 27,0(+) 
5.9(-) a.3{+) 87.0(+) 24.0(+) 44.Z(+) 22,3(+) 28,8(+) 19.0(-) 
13.2(-) 25,2(-) 21,0(-) 39.3(+) 68,3(+) 39,8{+) 71.0(+) 37.8(-) 
5.3(o) 33.0(+) 26.4(-) 41.2( + ) 21.3(+) 22.0(+) 16,7(+) 10,0(-) 
l,l(o) 12.0( 0 )  22.6(-) 3a,7(-) 52.7(-) 28,5(-) 52.3(-) 10.0(+) 
13,4{o) 30.5(-) 12,0{o) e3,8(+) 199.5(+) 61.2(+) 156.0(+) 43.7(-) 
2.3(o) 31.7(-) 15.1(+) 54.3(+) 183,0(+) 57.2(+) 133.0(+) 41.8(-) 
1.5{o) 20.7(-) 20.9(+) 20.5(+) 59,5(+) 24.0( + ) 50.0(+) 21,8(-) 
5.6{o) 14,5(-) 19.4(+) 55,3(+) a2,o(+) 32.3(+) 76.0(+) 17 .7(-) 
11.0(+) 46,7(+) 9,8(+) 19.7( + ) 13.7(-) 35.7(-) 13,5(-) 30,5(+) 
6.6(o) 39.5(-) 10,1(+) 31.0{+) 107,3( + ) 3B.0(+) 86,5(+) 26O0(-) 
10.3(o) 15.0{+) 6,3(-) iB,a(-) 50,8(-) 178.9(-) 34,7(-) 176 .0(+) 
14.1( + ) 11.8(+) 16.8(+) 6,3( 0 )  23,a(-) 4,8( 0 )  18,5(+) 
14,1( + ) 16.2(+) 14,2(+) 35.0{-) 17,0(-) 36.0(-.) 15.8(+) 
11,8{ + ) 16,2(+) 17,8(+) 23.4(+) 5,0(+) 19,2(+) 9.4{-) 
16.8(+) 14,2( + ) 17.8(+) 3a,7(+) 22,2(+) 42.0(+) 7.0(-) 
6.3(o) 35.0(-) 23.4(+) 38.7(+) 50,5(+) 262,7(+) 45,3(-) 
23.8(0) 17.0(-) s,o(+) 22.2(+) 50.5(+) 23.S(+) 390.2(-) 
4,8( 0 )  36.0(-) 19.2(+) 42,0(+) 262.7(+) 23.5(+) 25.2(-) 
1B.5(+) 1ES,8(+) 9.4(-) 7.0(~) 45.3(-) 390,2(-) 25.2(-) 
•01 ,001 
21.67 27 

72 
factors can be expected to exist (19)» Kven thou^i the 
degree of association cannot be measured by the probability 
of chi-aquar© attaining a specific value, the value of chi-
aquare itself may serve as an indication of the closeness 
of association# This is especially so in a case as the 
present, whore the interquartile intervals for each attri­
bute contain the same number of observations, 
I'Urther, it is possible to distingiAish whether correla­
tions between the associated factors are positive or negative 
b y  o b a e r v i n f - ,  t h e  f r e q u e n c i e s  i n  e a c h  c e l l  o f  t h e  4 x 4  
tables# Assume, for instance, that a high frequency Is ob­
served in a cell belonging to the fourth interval of each of 
two factors and a low frequency simultaneously occurs in the 
lowest interval of both. It is obvious then that large 
values of the one tend to go together with large values of 
the other and that low values of both are likev/iae associ­
ated, meaning that a positive correlation exists between the 
two • 
Chi-square values presented in Table 5 revealed that 
significant associations existed between yields and 12 of 
the 20 soil indices. To wit! clay content, aggregation, 
v/ilting point, moisture equivalent, aeration porosity, capil­
lary porosity. Initial nitrate, nitrifiable nitrogen, avail­
able phosphorus and potassium, cation exchange capacity and 
total exchangeable bases. The association between yields 
and total porosity (chi-square = 16.4, P = .06), exchangeable 
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hydrogen (chl-aquare = 16.1, F = .07) and pH (chl-square 
= 15.1, F = .09) seemed suspect. 
Aaaooiationa among aoll factoi's were omnlx^ireaent and 
distinct. This last fact aruggested (1) that aasoclatlons 
between yields and various factors were rather indirect than 
direct, due to a high degree of association between yield 
and another specific factor and botweon the same factor and 
associated factors; (2) that several factors were, in fact, 
duplicating measurements of other closely-associated factors. 
In order to come to a satisfactory solution all factors 
and their possible effects on yields should be thoroughly 
analyzed, l^'i^-jire 7 illustrates how a complex problem like 
this may be visualized. An attempt has been made to inter­
pret the causal relations which might exist between yields 
and selected factors in this particular study. It should be 
kept in mind that a correlation analysis is meaningless, or 
cannot be interpreted rightly, unless the information given 
by the correlations is suimplemented with the practical knowl­
edge of causal relations which may have been obtained by 
experience (69), 
The diagram presented in Figure 7 is based on the 
assumption that plant yields are conditioned by four basic 
factors as far as soils are concerned: air, water, nutrients 
and temperature. I'his does not take into account environ­
mental factors such as light, outside atmosphere, etc. which 
Figure 7. Diagram representing cauaal relations among soil 
factors and between plant yields and soil factors. 
75 
t 
T 
A V^-
\ \ 
\ rSl 
M.E. 
aer. por.-<- +-cap.por 
po'r*'^.^— M.E.-W.P/ 
• / ^ 
*-\NP.y/, aggr. 
vol. wt. 
c.e.c.' 
•ex.H 
temperature tempera 
nutrients 
ADDITIVE or COMPLETE DETERMINATION 

nutrients 
ADDITIVE or COMPLETE DETERMINATION 
CORRELATION 
POSITIVE EFFECT 
NEGATIVE EFFECT 

76 
are strictly beyond the soil domain. These will be assumed 
to be constant foi^ the conditions of this study. The total 
contents of the pyramid in the diagram is a relative measure 
of plant yields as far as they are dependent of soil factors 
only. The basal surface of the pyramid is a triangle each 
corner of which represents a variable amount of air, v/ater 
or nutrients. The top of the pyi^'amid represents a variable 
amount of heat, measured as temperatui-e. 
In the center of the basal surface another smaller 
triangle represents the textural soil framev/ork. This last 
representation is based on the same principle v/hich deter­
mines a certain soil-texture by means of triangular co­
ordinates. The result is that either one of the three soil 
textural elements (sand, silt and clay) is always determined 
by the other two. From experience it is known that extreme 
differences in soil physical properties are caused by abnor­
mally high contents of either sand or clay. In the same 
time, the sign of their correlations v/lth other factors is 
apt to change while going from sand to clay and vice versa. 
In the diagram only the causal relations between clay and 
other factors have been drawn, but the assumption is made 
that the same relations, except reversed, exist in the case 
of 3and« 
The variable factors are represented as determined by 
others and these, in turn, by more remote ones. Single-
headed arrows betv/een two factors re^jresent additive or 
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complote determination of one factor by another. Two~headed 
arrows indicate correlative relationships among the two fac-
tors» Drawn lines refer to positive, and broken lines to 
nefiatlvo relationships. 
^j'he following discuaaion on possible rolationships v;ill 
be limited to the 20 selected indices only, v/hile it ia 
realized that this ia but a small part of the multitude of 
determinations which might have been made. A further limita­
tion is introduced by discussing the relationships from the 
viewpoint of back slope revegetation only. In this v/ay only 
a certain group of materials is dealt with and consideration 
of changes in soil properties due to repeated cultivation 
practices may be avoided. 
The available soil materials include silt loams in the 
loess region; and sands, sandy loams, loams, clay loams and 
clays in the till region. Large growth differences occur 
on problem materials like gumbotll, ferretto, fossil A2 and 
B horizons as compared to the remaining group of ordinary 
slif/iitly weathered till and loeas materials. The former 
group consista mainly of materials rich in clays (with the 
exception of fossil Ag horizons), whereas plant growth on 
these soils appears to be extremely poor. Hence a high 
degree of association between yields and extreme clay con­
tents may be expected in the form of a negative correlation. 
Because of the small dimensions of clay particles, clay 
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baa a high 3i:eciflc surface and a high water-holding capaci­
ty, Many small pores in clay Increase the total porosity in 
cotnijarlaon with that of sands, hut in absence of a satis­
factory structural development (like in most backslope ma­
terials), capillary porosity takes up the larger part of the 
total porosity cau.sing a simultaneous decrease in non-
capillary or aeration porosity. The increase in capillary 
porosity with higher clay content causes also an increase in 
moisture equivalent. 
\^'llting point increases likewise with clay content and 
depends on the type of clay miinerals. It is believed that 
most clays in clay-rich backslope materials in Iowa are of 
the 2:1 type, ahov/ing considerable swelling and shrinking 
with wetting and drying. These clays will be lar£;ely re­
sponsible for the degree of water-holding properties and 
more so for the maximum water availability in these soil ma­
terials which are low in organic matter. 
The positive Influence of clay on water-holding capacity 
may indirectly have a positive influence on plant yields. On 
the other hand, the negative ini'luence on aeration porosity 
will affect yields negatively. Another positive influence on 
yields by hl^ clay content might be expected by its direct 
relationship with cation exchange capacity. A higher ex­
change capacity usually means a higher amount of exchangeable 
calcium (especially with these ja.-'edomlnantly calcareous or 
slightly leached materials), and for that reason, a higher 
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decree of aggrogatlon and a better structure. A hif^er cat-
Ion exchanKO capacity together with a hlf'^ degree of baiae 
3at\iration means also more nutrients for the plants in the 
form of potassium, calcium, magnesium and others. Exchange­
able hydrogen, dlr6ct3.y associated with oxchanfi;e capacity 
may, however, have adverse effects on plant growth because 
of extreme acidity and toxicity. 
With coarse-textured soils another relation with the 
nutrient status exists. Readily-soluble nutrients such as 
nitrates, sulfates and bicarbonates are more easily leached 
from sandy than from clayey materials. Similar losses in 
sodium, potassium, calcium and magnesium may occur (40, 
p. 190-191), while losses of nutrients by surface run-off 
seem to be appreciably larger than those incurred with 
drainage (29). This causes the negative relationship be­
tween sand content and initial available nitrate and other 
plant nutrients in this scheme. 
For the remainder, sands tend to have relationships with 
factors controlling soil moisture, directly opposite to tiie 
relations between clay and the same factors. 
If all other factors are equal, the soil with the high­
est organic matter content usually is the best aggregated. 
A direct positive relationship should then exist between 
nitrifiable nitrogen (as a m.easure of organic matter) and 
aggregation. In the absence of organic matter, aggregation 
may be caused by swelling and shrinking of clays. This 
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Indlcatca a rolatlon between af?:gregntion and clay content. 
Since more afrgregatea are formed in drying soils, one would 
expect Q negative effect of v/ater on aggregation. Tempera-
tu.re also may have an indirect effect on aggregation by its 
direct effect on microbial activity and decomposition of 
arganic residiies. Conversely, ac'gregation increases aeration 
and therewith air circulation and temperature. The finer 
soil materials, in general, will be more suitable for aggre­
gation than the coarser particles like sand. The overall 
effect and all single effects of aggregation on plant yields 
are apparently positive. 
Volume weight tends to decrease with increasing total 
porosity. Hence one v/ould expect lower volume weights with 
higher clay contents associated with higher total porosities. 
Vi/ith organic matter present in appreciable quantities, volume 
weights will decrease, and a negative relation may exist be­
tween volume weight and nitrifiable nitrogen. High volume 
weights indicate low water capacity and low aeration. Soils 
are impermeable then and may form a mechanical barrier 
against i)lant roots (40, p. 107). Low volume weights, be­
cause of a loose structure, will have an increasing effect 
on temperature J bat if they are low due to high moisture 
contents, they v/ill decrease the temperature because of the 
high heat capacity of the bulk of water in the soil. The 
final result is complicated, and both negative and positive 
effects on plant grov^th may be attributed to low volume 
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v/olghta. 
The Influence of water on mineral plant nutrients has 
been mentioned in connection with leaching from coarse-
teictured soils. Water Is primarily, of course, a necessary 
"Ingredient" for plant frrowtb. and is, aa such, positively 
correlated with yields. Yet excess water may indirectly be 
detrimental to plant growth in more ways than, one. The major 
results of excessive soil v/ater are, among others, obstructed 
root growth, imxjeded microbial activity followed, by decreased 
nutrient availability, and formation of reduced materials. 
In most cases the direct cause may be rather restricted aera­
tion than,excess water witVi which aeration is negatively cor­
related. Limited aeration means less movement of air paired 
with a decrease in the oxygen content and an increase in 
carbon dioxide content. Both carbon dioxide and reduced 
compounds formed under anaerobic conditions may be toxic to 
the plant; whereas red\.iced substances like ferrous iron may 
form insoluble compounds with plant nutrients like phosphorus. 
Denitrlf ication mriy occur under anaerobic conditions and re­
sult in nitrate loss. Koot respiration and absorption of 
water and nutrients by roots are checked by lov/ oxygen con­
tents . 
Available potassium appears to increase viith drying in 
almost all subsoil materials in Iowa (49). A negative cor­
relation between potassium content and available water may 
therefore be expected. 
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rhosphonis appears to occur mainly in ths silt fraction. 
Tomperaturo, of course, has a ['jpeat Influence on ploiit 
growth. Moro specifically, toinperature controls physical 
and chemical weathering pirocesses, though differences in tlila 
rospoct will bo si/jnifleant only between different climates# 
Relatively small temperature increases, however, do sjoeed 
up decomposition of organic matter and other chemical reac­
tions In connection with nutrient supply. Increases in 
rates of gas diffusion and vmter and nutrient absorption 
and, in general, root growth are all dependent on higher 
temperatures• 
The role of soil in conditioning temperature depends 
largely on the color of soil material and its water content. 
Dark soils absorb more of the solar radiation than llglit-
colored soils. The specific heat values of various soil 
constituents do not differ /greatly (2, p. 27i3) • A close 
association between texture and temijeratxire, therefore, la 
not to be expected. vVater and organic matter, however, have 
large heat capacities. Wot soils have normally lov/ tempera­
tures and sandy or gravelly soils show faster temperature 
changes than clays. 
Siimmarizing the analysis of causal relations and ef­
fects, it appears that nutrients, air and soil temperature 
(not to be con.(?a3ed with atmospheric temperaiuire) are always 
expected to Increase plant yields. Occasionally, however, 
nutrients may exert negative effects when the nutrient status 
B3 
of the soil 13 thoroughly unbalanced. Increases in potasaiura 
for Instance, have been observed to diminish plant yields in 
nutritionally anbalanced aubaoils (38) • iii.'ater ia expected 
to increase yields to a certain extent on well-drained aolla, 
but it v/ill depress yields under conditions of impeded drain­
age or in materials v/here increased moisture will result in 
decreasing aeration belov/ a critical level, Water-holding 
properties are la2:>gely determined by texture v/ith extremes 
occurring in the very coarse or in the very fine textured 
materials. 'I'he decree of porosity is dependent on texture, 
^iSo^fOgi^tlon and organic matter. The type of clay minerals 
and organic Kiatter determines exchange prox)ertiQ3« Orf^anic 
matter improves soil conditions for plant growth, Imt may 
also be a direct measure of satisfactory backslojje vegeta­
tion. 
Comparing now the assumed relationships in the diagram 
with those found in the form of associations (Table 5), it 
may yet be jpossible to interpret some of the seemingly 
contrary results. 
A distinct association (in the form of a negative cor­
relation) ia found betv/een yields and clay content. We(^atlve 
effects of clay content, accordin^.^ to the diagram, may be 
exerted throvigh high v/lltlng point and limited aeration, A 
nQf,ative correlation between clay content and aeration poros­
ity indeed is observed and the association is highly signifi­
cant (chl-square == o2.3, P<0,001)j whereas a positive corre-
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latlon, thoug^i nonsignificant, is noted betv/eon clay content 
and wilting point (chl-squaro = 11.3, P = 0.26), Other 
nof/atlve correlatlona of clay v/lth nitrogen (chl-aquare = 
25*2) and with phosphoinia (cbi-aqi.xare = 21.0) are observed# 
Decreased microbial activity may be responsible for this. 
'J.hese ne.i'iatlve effects seem to offset largely the 
posltiive effect clay Ima in incroaainf^, a[;;{Tregabion (chi-
square = 54.0, P<0.001), nvallsble v/ater content as meas­
ured by Ivl.E. - V'/.P. (chl-aquare = 24.2, P = 0.005), cation 
exchange capacity or total exchangeable bases (chl-sqiiare = 
G8.3 and 71.0 resjr^ectivoly, r<0»001) and available potassium 
(cbi-square = .'59.3, P<.001). Three of these effects, how­
ever, (v/ater availability, cation exchange capacity and total 
exchangeable bases) are negatively correlated with yields. 
Conseqiiently, the relation may be reversed in this respect 
that theao factors, v;hich are expected to have a positive 
effect on yields, exercise Instead a negative effect through 
their association with clay content. For this leads to 
indirect and negative correlations with aeration porosity. 
Aasoclatlona betv/een clay on the one hand rmd pl.l, ex­
changeable hydrogen and base saturation on the other are 
significant, while the correlations between yields and the 
same factors are reversed and their associations nonsignifl-
oant. This points to another negative effect of clay on 
yields in the form of excess acidity. 
Sand content does not seem to be closely asaoclated 
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with yields, but significant relationships betv/oen sand con­
tent and factors associated v/lth yields do exist. Sand and 
clay content are nef;atively correlated and, conseqixently, 
significant assoclatlona occur between sand and v/llting 
point, moisture equivalent, water availability (I'.E, - I't'.P.), 
total and carjlllary porosity, pIJ, available potassium, cation 
exchange capacity, exchan^feable hydrogen, total exchangeable 
bases and base saturation. All those associations are nega­
tively correlated with sand -wherever they are positively 
correlated with clay and vice versa. Correlation between 
sand and silt is negative like that betv/oen clay and silt, 
as is to be expected on groxinda of their triangular combi­
nation. A highly positive correlation exists between sand 
and a;"p:regatlon« The low total porosity of sandy soils ac­
counts for the hifjh positive correlation between sand and 
volume v/elj2ib.t. A significant and negative association be­
tween sand content and available phosphoru.s may be due to 
leaching. 
The third textural element, silt, seems to react largely 
like the clay fraction, especially in molaUire content and 
exchonce properties. The association with available phos-
phoi-axs has been mentioned and may be ascribed to the occur­
rence of phoaphon\3 as appatlte in the silt fraction. Cor­
relation betvi^een silt t\nd aggregation is negative v/hich may 
be exi^ilalned by the general low organic matter content of 
loess materials (predominantly silty). 
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The positive correlation, Ijut nonalgniricant aaaoclation 
betv/een allt and aeration porosity is probably responsible 
for the negative aaaoclation betvi/een allt and volume weight, 
or the physical soil properties, only ar;gregation, measured 
as mean diameter of viator stable aggregates, and aeration 
porosity are poaitlvely correlated in significant asaociatlon 
with yields. V/llting point and moisture equivalent are nega­
tively correlated with yields v;ith a al^;niflcant degree of 
association. Depression of aeration porosity la obviously 
the cause of this negative correlation. 
As haa been pointed out, aggregation is normally in­
creased in drying soils, i-'or that reason, one v/ou-ld expect 
negative correlations v/lth v/llting point and available v/ater. 
A negative correlation indeed is found in case of the lat­
ter, but a positive, instead of a nepjative correlation 
exists between aggregation and v/ilting point. The rrmtual 
association of the tvjo with clay content is undoiibtedly re­
sponsible for this . 
Aeration xjorosity is increased by aggregation (associa­
tion chl-square = 35.0, P<.001), and 30 is nltrlfiable 
nitrogen (chl-aquare. = 33.0, P<.001). The latter relation 
may also be reversed in that respect that aggregation bone-
fits from nltrlfiable nitrogen (being a measure' of organic 
matter). The negative correlation of aggregation with phoa-
XJhorus and its positive correlation with potassium is not so 
obvious and must be ascribed to interrelationships of these 
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factora with clay. The same may bo true In the aasoclation 
of cation exchange propertlea and agp-rQgatlon» Ordinarily, 
one might explain increased exchanp.e capacity in the cav^e 
of aggregation by Incroaaed microbial action or by increased 
clay content or by both, but the first explanation is not 
applicable to the x^resant case where a negative corro3.ation 
between nitriflable nitrogen and cation exchange capacity 
la observed. 
i'legative aasociations exist between volume weif^ht on 
one side and moisture equivalent, available water, total 
porosity and aeration and capillary porosity on the other 
as is to be expected. The significant associations between 
volume weight and all other factors may be related to sand 
content, v/hich, next to total porosity, is moat closely 
associated with volume weight. 
Wilting point, moisture equivalent and available water 
{lUE» - W.P.) are highly Intercorrelated in a positive man­
ner. Their relationships with other physical and chemical 
soil properties are all determined by tholr association with 
clay and sand content• No significantly large value for 
chi-square can be observed for the association betv/een 
available water and aeration porosity. This means that 
aeration is more limited by the actual amount of water pres­
ent at moisture equivalent or v/ilting point than by the rela­
tively limited amount of water available between these two 
point s. 
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Aeration, capillary and total porosity are, of courso, 
highly interrelated, yet the aaaociation "between aeration 
porosity and total porosity (chi-aquare = 18,0) aeema to be 
of a far lower dogre© than that between aeration porosity 
and af^gregation (chi-aquare = 55,0) • 
The association of total iDorosity v/ith available phos­
phorus may be attributed, to the mutual association with silt 
content. Positive correlations of total and capillary poros­
ity with exchange properties follow those of clay and silt 
content® 
Tho highest chi-square value for nitrifiable nitrogen 
la the one obtained in association with aeration porosity 
(chi-square = 46.7). I'his clearly indicates the Importance 
of aeration for microbial activity and vice versa. Correla­
tions between aeration porosity and pH (+), exchangeable 
hydrogen (-) and base saturation (+) reflect a more satis­
factory status of soil conditions for plant growth due to 
aeration. Caj^illary porosity may be expected to have effects 
opposite to those of aeration porosity. This is factually 
illiistrated by the chi-square values. High degrees of asso­
ciation between capillary porosity and exchange properties 
may be attributed to the association v;lth clay content. 
Kelatlonshlps between pH, exchangeable hydrogen and 
base saturation are evident and self-explanatory. Associa­
tion of exchangeable hydrogen v/ith sand content rather than 
with clay content seems to determine its correlations with 
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most other faotora. Chl-aquares of aaaoolatlon between pH 
and wilting point and pH aj:id cation exchange capacity arc 
of tho aanie order (chl-square ••= 51*3 and 50.8 reapoctlvcly) • 
T/ie same phenomenon la observed wlien aand ia correlated with 
wilting'; point and cation exchange capacity (chi-aquare = 97.0 
and 98.5 roapectlvely). It ahould bo mentioned hero that 
high pH valiiea earseclally occurred in the 3li,";htly leached to 
calcareotia till materials which are also tho materials v.'ith 
a higher than average aand content (aee Figures 2 and 6). 
All determined nutrient contents have a algnificant de­
gree of aaaociatlon v/lth yields with which they are positive­
ly correlated. Their interrolatlonahlps with other factors 
are leaa pronounced than wao observed among the soil physical 
factor a. Avsiilable nitrate has a algnificant value for chl-
aquare only when aaaociated with exchangeable hydrogen (nega­
tive correlation) and base satviratlon percentage (positive 
correlation), while chl-square for the association with 
available potassium (positive correlation) is almoat algnif­
icant (chi-aquare = 16.8, F = .053). The rolatlona may be a 
general aaaociatlon among eaaily-aolviblo plant nutrients 
liable to excessive leaching. 
Tho high degree of aaaociatlon betv/een yields and nitrl-
fiable nitrogen indicates the mutual relationship between 
plant growth and organic matter. An analysis by means of 
aaaociatlon chi-aquares like the present is non-directional 
and such, m^itual relationships Illustrate the Importance of 
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previously obtained knowledge In the interpretation of corre­
lations and aasoolatlona» 
Negative correlations of nitrifiahle nitrogen with ox-
change properties may "be related to the negative effect of 
these proportiea on yields. Ilie negative effect is again 
associated with many unfavorable soil physical conditions. 
It should also be observed that high exchange capacities oc­
cur especially on the most higlily weathered and leachedl ma­
terials which, in fact, constlti.ite the major part of the 
materials on backslopes with extremely poor plant grov/th. 
Correlations between available phosphoraas and other 
factors can all be related to the hi;:^.i degree of association 
between phosphorus and silt content. I'he chl-square values 
for phosphorus in association v/lth other factors are, how­
ever, niuch smaller and oftentimes not even significant, but 
all correlations are of the same sign as tliose in the case 
of silt content. 
Similarly, all correlations between available potassium 
and other factors am bo attributed to the narrow association 
of potassium with total exchangeable bases, a part of which 
is actAially occupied by potassiiim ions. Only in three In­
stances are the chl-square values for associations with total 
exchangeable bases exceeded by those for potassium. Aeration 
porosity and aggregatloJ\ are tv/o of these associations. They 
are also the two factors or condltiona which are of primary 
importance for increased availability of potassium. 
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Cation oxchan^js capacity and total exchangeable bases 
are, by nature, very closely related and so are exchangeable 
hydro;;en and base saturation percentage. The signs of exist­
ing correlations are in the latter case reversed, of course. 
.Since the hl^j^est values of chl-squaro occur in asaociatlona 
between cation exchange capacity and physical properties and 
because the correlation v/lth yield la ne^^ative, it appears 
that cation exchange capacity in this study is rather a moaa-
\ire of physical than of chemical soil properties. At that, 
it seems to be more efficient than the "total exchangeable 
baaea" factor ;3">^idyins from the overall hi^^ier chi~gquare 
values In the case of cation exchange capacity, oimllarly, 
it aeems that exchangeable hydro(?;Gn measxires the same rela­
tionships as and base saturation but consistently with a 
higher degree of precision. 
Summarizing the dlacuasion on aaaooiatlona and correla­
tions, it appears that yields are definitely affected in a 
positive way by aggregation, aeration poroaity, organic mat­
ter (nitriflable nitrogen) and available plant nutrient a; and 
negatively by clay content, wilting point, moisture equiva­
lent, capillary poroaity and exchange capacity. It has been 
ahown: 
1» that texture determinoa largely the effect of physical 
3011 propertlea on plant growth, 
2. that many factors which are normally expected to exert a 
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positive effoct on yiolda j.'all to do so because of their 
association vjlth unfavorable characteristics or v/lth a spe­
cific textural class which, in its biirn, is associated with 
undesirable characteristics, 
3. that the majority of physical and chemioal soil i^ropertiea 
are so closely associated with a specific te;;tural class that 
strict evaluation of their specific action and interrelation 
with other factors is not always possible. 
In an attempt to eliminate the influence of texture it 
seemed feasible to re-group all observations in such a man­
ner that a fairly constant Influence of texture v/as obtained 
for each group, iiince clay content appeared to be the only 
texture class in close association with yields, it was de­
cided to arrange all 192 samples and their observationa in 
four groups according to the four interquartile intervals of 
clay content. Each group consisted, consequently, of 48 
sample s• 
On the basis of chi-square values obtained in the pre­
vious analysis (Table 1), combinations with total porosity 
were omitted since capillary porosity measurements seemed 
to duplicate the effects determined by total porosity meas­
urements. The determination of total exchangjeable bases 
appeared likewise to be duplicated by cation exchange capaci­
ty, and pH and base saturation percentage v/ere replaced by 
the exchangeable hydrogen factor. The number of indices was 
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thua reduced i.'rora 20 to 16 and the total number of comblna-
tlona betv^oen factors and yields and araonfj factors from 210 
to 139.^^ 
Observatlona in each interval or subgroup v/ere divided 
in two equal parts about the median and ohl-square values 
were calculated for all possible combinations In 2x2 (four­
fold) tables. The theoretical number of observations in each 
cell was 12. It should be remembered that chi-square tests 
are relatively insensitive tests and that it becomes increas­
ingly difficult to determine associations among various fac­
tors when the number of observations Is decreased. Consider­
ing the chi-square values in Tables 7 to 10, it appears that 
re-grouplng has resulted in less distinct associations be-
tv/een yields and soil factors. This may indicate that asso­
ciations between several factors and yields in the first 
analysis were indirectly caused by niatual associations with 
clay contents. None of the factors seem to be closely as­
sociated with yields In the first group, being the group virlth 
lowest clay contents (clay less than 20,2%)t Only sand and 
silt, nltriflable nitrogen and available phosphorus have chl-
aquare values (P = 0.16) which may seem slightly suspect. 
-it-
This elimination of factors illuatrates a useful aspect 
of the analytical approach by means of aasoclation chi-
square s . 
•iHi-
Median values for each factoi'* in each subgroup are pre­
sented In Table 6, 
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Table 6, Values of medians in arrnya of yields and fifteen 
soil factors arranged in four subgroups, plus class 
intervals for the initial Ii factor in the same ar­
rangement 
Sub- Sub­ Sub- Sub­
group group fii'oup group 
no. 1 no. 2 no. 3 no. 4 
Yield (gm./plot) 74.0 93.0 76.0 12.5 
Sand i^fo) 41.0 37 .5 33.6 24.0 
Silt i%) 42.9 38.5 33.3 o2 .7 
Clay {%) 15.8 25.8 32.6 43.0 
Mean aggr. dlam. (mm.) .169 .325 .410 • 417 
Vol. v/t. (ipii./cc.) 1.410 1.460 1.490 1.415 
Wilt. point {%) 8,15 11.30 12.85 17.25 
Moist, equiv, {%) 19.35 22.05 24.15 29.95 
M.E.-W.P. {7o) 10.95 10.90 11.05 12.45 
Aeration poros. {%) 11,50 9.20 7.95 6.20 
Capillary pores. {%) 30.65 33.80 34.55 42.00 
Witrifiablo N (Ibs./A.) 16.5 21.0 13,5 4.5 
Available P (lbs./A.) 1.25 0.95 0.95 1.00 
Available K (Ibs./A.) 205 217 266 265 
Cation exch. cap. (me.) 12.65 16.40 18.50 22.40 
Exchangoablo H (me.) 0.05 1.80 1.40 2.40 
28 59 
12 12 12 2 
^Number of observations. 
Class 
interval 
J Initial N „ 
(Iba./A.) 2 
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Tabla 7* Chi—aquares of asooolation 'botvreen yiolda and aixteen soil faotors arranged in fourf 
Sand Silt Clay Aggr, Vol. Wt, W. P, M. £. M.E.H 
Yield 2.08^-)® 2,08(+) o,oa( o )  o.oa( o )  0.08(o) 0.75(+) 0.75(+) 0 
Sand - 36.75(-) 4,08(-) 6,75(+) 24,08(+) 18,75(-) 30,031-) IB ,75 
Silt 36,75(-) 2,08(+) 6,75(-) 30.08(-) 13,75(+) 36,75{+) 18,75 
Clay 4,08(-) 2,03(+) - 6,75(-) 14.08(+) 4.08(+) 2,08 
Aggr# 6,75(+) 6.751-) - 6,75{+) 4,08(-) 14.08 
Vol. Wt, 24.0a(+) 30.08(-) 6,75(-) 6,75(+) - 1B.75(-) 30,08{-) 24.08 
W, P, 1B,75(-) 18.75(+) 14,08{+) 18.75(-) - 24,oa(-».) 6.75 
M, E. 30.08(-) 36.75(+) 4.oa(+) 4,08(-) 30.08(-) 24,08(+) 
-
1B,75 
M.E,-W,P, 18.75(-) 1B.75( + ) 2.03(+) 14,08(-) 24,08(-) 6,75(+) 18.75(+) 
Aer. Por, 2,08(+) 
Cap. For, 30.08(-) 30.08(+) 6,75(+) 6.75(-) 30,08(-) 24.08(+) a4.08(+) 14.08 
Init, N 
Nitrif. N 2.08{+) 
Avail. P 6,75{-) io.oa(+) 2.08{-) 6,75{-) 4.08(+) 6,75{+) 2,08 
Avail. K 4.oa(-) 4.oa(+) 4.oa(+) 6,75(-) 14.08(+) 6,75(+) 
C.E.C, 18.75(-) 18,75(+) 14.03(+) 2.0a(") 18,75(-) 36,75(+) 24,08(+) 10.08 
Exoh. H 
^Chl-8q.uareB less than 1,97 (P».17) axe omltteA, exoept for assooiationB vrith yield 
a n d  p r o b a b i l i t i e s  ( l 9 ) t  
P • .90 .80 ,70 .50 ,30 .2C 
d,f. " ,02 .06 #15 ,46 1.07 1,6^ 
^AdJ\isted valtios only 
"Symbol in paronthesoa refere to sign of oorrolation. 

rd In'fovrfold tabloso Subgroup I (Clay oonteat leos than 20.2^) 
1 • M.E.-W.P. Aer. For. Cap. Por* Init. N Nitrif. S? Avail. P Arail. K C.E.C. Sxoh. H 
+)  0 0 0.75( + ) 0.2B(O) 2,08(+) 2,08(+) 0.75(+) 0.75(-) 0 
-) ia.75(-) 30.08(-) 6.75(-) 4.oa(-) 18.75(-) 
+)  18,75{+) 30.08{+) 10,08(+) 4,08(+) ia.75(+) 
+)  2.08{+) 6.75(+) 4.06(+) W,08(+) 
14,08(-) 2.08(+) 6.75(-) 2.oa(+) 2.08(-) 2o08(-) 
1-) 24.08{-) 30.08(-) 6.75(») 6.75(-) 18.75(-) 
1-^) 6.75(+) 24o08(+) 4.08(+) 14,08(+) 36.75(+) 
ia,75(+) 24.oa(+) 6.75(+) 6,75(+) 24,08(+) 
(+)  
-
i4,oa(+) 2.oa(+) 10,08(+) 
mm 2,53(-) 
(+)  14.08(+) 
-
6,75(+) 4,08{+) 18,75(+) 
2.53(-) - 3.72(+) 
- 14.08{+) 2.08{+) 
(+)  2.oa(+) 6,75{+) 3.72(+) - 4.08(+) 
{ + )  4.0B(+) 14.0B(+) 
-
M,oa(+) 
(+)  10.08(+) 18,75(+) 2«08{+) 4.oa{+) i4,oa(+) a4.08{+) 
24,08(+) 
with yields. For determination of significance of ohi—squaros oomparo with following valuoo and 
.20 
1.64 
.10 
2.71 
.05 
3.84 
•02 
5,41 
.01 
6,64 
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Table 8, Chi—aquaroB of aBBOoiation between yields and sixteen soil factors arranged in fovcrfoli 
Sand Silt Clay Vol. Wt, W. P. M. E, M.E,-W,P, 
Yield 2,08^(~)® 0,75(+) 0,75(-) 0,08( o )  0.75(-) 0.08( o )  0.75{+) 0 
Sand - 36,75{-) 2,08(+) 10.08(+) 2,08(-) 14.08(-) i4.oa(-) 
Silt 36,75(-) - 6.75(-) 2,0S{ + ) 18,75(+) 14,08(+) 
Clay 
-
A.ggr, 2.03(+) - 4,oa(-) 
Vol, Wt, 10.08(+) 6,75(-) 
-
4,08(-) 4,08{-) 2,08("") 
W. P. 2,08(-) 2,08(+) 4,08{-) 
-
6.75(+) 
M* 14.08(-) 18,75(+) 4,08(-) 6,75( + ) - 10.08(+) 
M,B,-W.P, 14.08{-) 14,08(+) 4,08(-) 2,08(-) 10,08(+) -
Aer, POT, 2o08(-) 4,08( + ) 2.08(-) 
Cap. For. 10.08(-) 6,75(+) 10,08(-) 2,0B(+) 6.75(+) 2.08(+) 
Inlt. H 2.78(+) 
Nitrif. N 2.08(-) 
Avail, P 18.75(-) 14,08(+) 6,75(~) 2,08(+) 10,08(+) 4,08(+) 
Avail. K 2,09(+) 2.0Q(-) 10.08(+) 4.08(+) 
C .  £ .  C ,  10.08(-) 10.08(+) 6,75(-) 10,0B(+) 10,08(+) 4,08(+) 
Sxoh. H 14,08(-) 14.0a(+) 4,08(-) 4.08(+) 6,75(+) 4,oa(+) 
^Chi-Bquares loss than 1.97 (P"»17) are omitted, except for associations with yields, 
p r o b a b i l i t i e s  ( l 9 ) t  
,70 ,50 ,30 ,20 
,15 ,46 1,07 1,64 
Adjusted values only 
"symbol in parentheses refers to sign of correlation. 
P -
a.f. 
,90 
,02 
,B0 
.06 

ged in fourfold tables Sulsgroup II (clay content 20ta~29»35S) 
• M,E.-4?.P. Aer. For. Cap. For. Init. N Nitrif. N Avail, P Avail. K G «li ftC « ISxoh. U 
*) 0 0.08(o) 0.75(+) 6,75(+) 6.75(+) 6,75(+) 0.08(o) 0 
-) 14,08(-) 10.08(-) 1JB.75(-) 10.08(-) 14.08(-) 
+) 14,08( +) 6,75(+) 14.08{+) 10,08(+) 14.03(+) 
2,08(-) 2.08(-) 
4.08(-) 4.08(+) 2,08(+) 
-) 2.08(-) 2.08(-) 10.08(-) 6.75(-) 2,08(-) 6.75(-.) 4.08(-) 
+) 2,08(+) 2.08(+) 10.08(+) 10.08( + ) 4.08(+) 
10.08(+) 6.75(+) 2«78{+) io«oa(+) 4,08{+) 10.08(+) 6.75(+) 
+) 2.oa(+) 4,oa(+) 4.08(+) 4.08(+) 
4,08(+) 4.08(+) 
+) 2.08(+) - 5,44{+) 10.08(+) 14.08(-) 
+) 5.44(+) - 2.78(+) 
4.08(+) - 4,08(+) 
+) 4,08(+) io,oa(+) - 4,oa(+) 6.75(+) 4.08( + ) 
+) 4.08(+) 4,08(+) 4.08{+) 
-
+) 4,08(+) 14.08(-) 2.78( + ) 6.75(+) 
-
10.08(+) 
+ )  4.08(+) 4.08(+) 10.08{+) -
IS ivith yields. For determination of aignifioanoo of cshi-sqviaroa oomparo with followring values and 
.20 *10 .OS «02 .01 
1,64 2.71 3.84 5.41 6.64 
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Table 9, Chi~aqviaro8® of aBsoclation between yields and sixteen soil faotore arranged in fourf 
Sand Silt Clay Aggr. Vol, Wt, W. P. M« iQa M.E,-W,P 
Yield 0,08^(o)® 0,08(o) 4,oa(-) 0.75{ + ) 0.08(o) 2.08{-) 0.75(-) 0.08(o) 
Sand - 30.08(-) 4.08(-) i4.oa(+) 18.75(-) 14.08(-) 10.08(-] 
Silt 3o,oa(-) - 6,75(-) 10.08(+) 6,75(+) 10,08(+; 
Clay 4,08(-) - 4.0B(-) 6,75( + ) 6.75(+) 2,08(+; 
Aggr. 
-
6.75(-) 4.08(-
Vol, Vft. M,O0(+) 6.75{-) 4,08(-) 
-
10.08(-) lo.oa(-) 4.08(-
W. P. 18.75(-) Ki.oe(+) 6.75( + ) 10,08(-) 
-
24,08(+) 6,75( + 
M. £, 14.08(-) 6,75(+) 6,75( + ) 6.75(-) 10.08(-) 24,08(+) - 18,75( + 
M.E,-W,P, 10,08(-) 10.08{+) 2.oa(+) 4.08(-) 4.08(-) 6.75(+) 18,75(+) «• 
Aer. For, 2.08(+) 
Cap. Por, 6.7S(-) 6,75(+) 4.oa(-) 4.08(+) 6.75(+) 14,08( + 
Init. N 
Nitrif, W 6,75{~) 2.08(+) 4,08(-) 6,75{-) 2,oa(+ 
Avail. P 4.08(-) 6,75( + ) 2.0B(-) 2,08(+ 
Avail. K 2.08(+) 
C.E.C, 4,08(-) 2,08(+) 6,75(+) 2.08(-) 6,75(-) 14.08(+) 14,08{+) 14,03(-
Dxoh. H 10.08(-) ia.75(+) 4.08(-) 4.08(-) 4.08(+) 6.75(+) 10,08(-
®Chi-8quare8 looo than 1,97 (P>»»17) are omitted* except for aosooiationo with yio] 
probabilities (19)» 
P - ,90 o80 ,70 .50 ,30 .20 
a.f. " 
^Adjusted valuea only 
"Symbol in paronthesae refero to sign of oorralation. 

ed ia foTirfold tables. Subgroiq) III (Clay content 29.1-36»9^ ) 
M.B.-W.P, Aer. For. Cap. For. Init. N Kitrlf. M Avail. P Avail. K C tH sC ii Exoh. H 
0,p8(o) 0.75(+) 0.03(o) e.75(+) 0.08(o) 0 0.08(o) 0.08(o) 
1 10.08(-) 6.75(-) 4,08(-) 4,08(-) 10,08(-) 
\ 10.08(+) 6.75(+) 4.7S(+) 2.oa{+) 18,75(+) 
1 2.09(+) 6,75(-) 2oOa(+) 6,75(+) 
1 4.08(-) 2.oa(+) 2»08(+) 2.oa(-) 4.08{-) 
1 4.08(-) 4.03(-) 2.oa{-) 6.75(-) 4.oa(-) 
1 6.75(+) 4,oa(+) 4.08(") 14,08{+) 4,08(+) 
18,75( + ) 6,75(+) 6,75(-) 14.08(+) 6,75{+) 
1 14,08(+) 2,08{+) 2.08{+) 14,08{-) 10.08(-) 
- 4.oa(-) 2.78(+) 6.75(+) 
1 i4,oa(+) 4,oa(-) - 2,oa(+) 6,75( + ) 6.75( + ) 
2.78(+) •M 2.78(+) 
i 2.08(+) ?.,78(+) - 2.oa(-) 
2.08(+) 2.08( + ) - 2.08{+) 10.08(+) 
6.75( + ) 2.08(+) -
) 14.03(-) 6.75(+) 2.08(-) - 2.08{ + ) 
) 10,03(-) 6.75(+) 10.08(+) 2.08(+) -
9 vith yiolds. For determination of signlfloanoe of obl*<8quareD oompare with foUofdng valuee and 
.20 .10 .05 .02 .01 
1.64 2.71 3.84 5.41 6.64 
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Table 10, Chi-squares^  of association betvreen yields and sixteen soil factors arranged in fo 
Sand Silt Clay Aggr, Vol, Wt, W. P. M.E, 
Yield 0 2.oa^(+)® 2.08(-) 2,08(+) 0,75(+) 0.75(-) 2,oa(-) 2,C 
Sand - 18,75(-) 6.75(-) 2,08(+) 2,09(-) 2,C 
Silt 18.75(-) 
-
4,08(-) 
Clay 6,75(-) 10.08(+) 10.08{+) 2,( 
Aggr, 
-
•
 
•
 
H
 o 
>
 2.08(+) 4,08(-) - 6,75(-) 6.75{-) 4,( 
W. P, 10.08(+) 6,75(-) - 24.08{+) 4.( 
M. IS. 2,08(-) io.oa(+) 6.75(-) 24.0a{+) - 14 ,< 
M.E.-W.P. 2,08(-) 2,08(+) 4.08(-) 4,08{+) 14.08(+) 
-
Aer« Por. 4.08(+) 2.oa{-) 
Cap. For, 2,oa(-) 10,08(+) 2,08(-) 2,08(-) 10.08(+) 10.08(+) 6,' 
Init. N 3.' 
Niti'if. N 2,08( + ) 4,08{-) 2,08(+) 2,08(-) 10,1 
Avail. P 
Avail. K. 4,08(-) 4,oa(+) 6.75( + ) 6,75(-) 6.75(+) 2.oa(+) 2, 
C.IS.C. 4,oa(+) 2,08{-) 6,75(+) 6.75(+) 6. 
Bxoh, H 2.08{-) 4,08(+) 2, 
®Chi-8quare8 less than 1»97 (P"»17) aro omitted, except for aaooolations with yi 
probabllltioa (19)I 
P - ,90 .80 ,70 ,50 ,30 , 
 ^d,f, ° 
A^djxisted values only 
S^ymbol in parentheses refers to sign of correlation. 

ranged in foiirfold tables# Subgrovqj IV (Clajr content higher than 36»9?^ )» 
I. M.E,-W,P, Aer. Por, Cap. POTa Init. N Nitrif, N Avail. P Avail. E C all *0 • Exch. H 
,oa(-) 2,08(-) 4,oa(+) 14.08(-) 1.35(+) 14,08(+) 0.60(o) 0.08(o) 6.75(-) 0.08(o) 
,0Q(-) 2.08(-) 4.08(-) 
4.08(+) 2.oa(-) 2.08(+) 4.08(+) 
,oa(+) 2,08(+) 2.08(-) 10,08(+) 4,08(-.) 4.08(+) 
2,08(-) 2.08(+) 6.75( + ) 
.75(-) 4,08(-) 2.08(-) 6.75(-) 2.08{-) 2.08{-) 
,08{+) 4.08(+) 10,08{+) 6.75(+) 6.75(+) 4.08(+) 
• 14.08( + ) 10.08(+) 2.oa(-) 2.oa(+) 6.75{ + ) 
,08{+) 6.75(+) 3,75( + ) 10.08(-) 2,08(+) 6.75( + ) 2.0B(+) 
-
4.08(+) 2,08{+) 4.08(-) 
,08( + ) 6.75{ + ) - 18.75(-) 10,08(+) 
3.75(+) 
-
3.75{-) 3,75(-»-) 
io,oa(-) 4,08{+) 18.75(-) 
-
6.75(-) 
3.75(-) -
.08(+) 2.08(+) 2.08(+) 3,75(+) - 4,08(+) 
.75(+) 6.75(+) 4.08(-) 1D,08(+) 6«75(-) mm 
2,08(+) 4.08(+) 
-
Ions with yioldo. For detormination of significance of chi-aqtiarea compare with following valuao and 
,30 
.07 
.20 
1.64 2,71 
.05 
3.84 
.02 
5,41 
.01 
6.64 
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Lefinite aasociatlona betv/eon yields and nltriflable nitrogen 
do, however, occur in all other /_;;roup3 v/hil© available phos­
phate and potassium are significantly associated v/ith yields 
in ti:ie aecond (,:p?oup only. A hl£^h degree of association of 
yields with clay content is still  foiuid in Subgroup III v;lth 
clay contents ran^^^ing from S9,l to 36,9 percent only. 
A significant positive correlation between yields and 
aeration iDoroaity and a negative correlation between yields 
and capillary porosity occur in the highest clay interval. 
In view of the non-significant value of chi-square in the 
association between aeration and capillary porosity and the 
much larger chi-aquare value for yields and capillary poros­
ity, it seems logical to conclude that yield is negatively 
correlated v/ith capillary porosity per se« a correlation, 
therefore, which is not related to the association with aera­
tion porosity. Other disadvantages (such as lov/ soil tem-
pjoratures) coupled with high capillary porosity may be re­
sponsible for this negative effect on yields. 
A very close association occurs in all groups between 
sand acid silt which is to bo expected over such relatively 
narrow ranges of clay contents, yet the same association was 
observed in the first analysis (Table 5). Several signifi­
cant chi-squares appear in all subgroups but the second for 
associations between clay content and volume v/eight, moisture 
conditions and cation exchange capacity. That this atill  
occurs within such limited ranges of clay contents is truly 
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remarkable• 
In the first subgroup, sand content is 3i;'niflcantly 
associated with volume v/elj'^ht and Vi'ith the various meastire-
ments on moisture conditions. The same associations occur 
in the other groups lxi,t they lose their sl'^nificance toward 
the fourth Interval where sand contents are belov/ avora(^;e. 
Silt content shows similar but positive correlations in all 
gro^ips and therefore seems to be in a same relationship to 
physical properties as is clay» 
VJhereas a significant association was observed betvireen 
a{^gre;;';atlon and moisture equivalent in the first analysis 
(chi-square 28,7), a possible correlation could not be 
determined by mere judging of the frequencies of observations 
in each cell.  In the second analysis and on separate clay 
Intervals it appears, however, that a definite negative cor­
relation exists betv/oen agf^,regatlon and moistxire equivalent 
in ttie first and third interval. 
In none of the groups occurs a significant association 
between wilting point or moisture equivalent and aeration 
porosity as it was observed in the first analysis. Several 
observations like that can be made. This seems to Indicate 
that separation of the data according to clay intervals has 
been effective in removing indirect effects of clay onother 
soil properties. 
On the other hand. It may occur that no significant 
associations were obtained in the first analysis while the 
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same factors are definitely associated in aoine of the sub­
groups. An example of this is the comblna.tion of nitrifiable 
nitrogon and available potaaaium v/hich had an inBij^nifleant 
aaaociation chl~aquare in the first amlysia and significant 
chi-aquaroa in the lYirat and second clay interval (chi-aquare 
= 14,08, F < .01, and 4.08, 1' = .04, rt-apectively) ,  
Significant correlations between nitrifiable nitrogen 
and aortio determinatlona on moisture contents in the grovip 
with hiyh clay contents aeem to be related to direct or in­
direct aaaociation with clay content. In this particular 
Instance it should be noted that the upper two clay intervals 
include the following percentages of various soils : gumbotil 
(100;?Oi ferretto (65;^;), B horizons (92;^>). 
Aaaociatlona with exchangeable hydrogen show curloualy 
}iow aaaociation patterns may change from c^'oup to group. 
In the lowest and hif'^ieat clay intervals fev/ airrnificant 
aaaociatlona between exchangeable hydrogen and other factors 
occur. A algnificant relationahip between exchangeable hy­
drogen and cation exchange capacity la, however, obaerved 
in all aubgroupa but that with the highest clay content. 
Subgroups II and III preaent cloao aaaociatlona betv/een ox-
changeable hydrogen and aeveral textixral and correlated aoll 
phyaical propertlea. Subgroup IV, finally, yields only two 
large valuea for ohl-aquare, that la in the caae of wilting 
point and available potassium. The relationahip here may 
have been caused by direct aaaociation with cation exchange 
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capacity. 
Perhaps the most laterestin;-'; and onlifhtenlng result of 
the analyses \vlthln four interquartile intervals for clay 
content is the observation that the sign of correlations 
between yields and soil properties is not always constant. 
Table 11 presents the signs of correlations as they 
may be observed from the frequencies of observations in a 
fourfold table. Signa were determined in fourfold tables 
with association chi-square values as low as 0.75 (P = .40). 
On the basis of this table it appears that a division could 
bo made into two groups, the first one containing the tv/o 
bYibgroups I and II and the second one containing III and IV, 
Some factors are constantly positively or negatively cor­
related with yields throughout the original Stibgroups. 
Others, like moisture equivalent, are positively correlated 
with yields at low levels of clay v/hile they are negatively 
correlated vjith yields at high levels of clay. The explana­
tion in this case to clear; Hoils with a low clay content 
will support better plant growth with increased moisture as 
determined by moisture equivalent. Plant growth will,  how­
ever, decrease on soils hig)i In clay if the moisture content 
is Increased above a certain optimum and plant roots suffer 
from deleterious effects of excess moisture. 
Considering again the results of the first analysis on 
all observations together (Table 5), it may be observed that 
the overall effect of moisture equivalent on yields was 
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Table 11. Signs of correlations between yields and fifteen 
soil factors In each of four 3u,bgroui)S 
Sub p,T oup^ 
i  
StibOTOup 
II 
Subgroup 
III 
Svibgroup 
IV 
Sand - - 0 0 
Silt + + 0 + 
Clay 0 - - mm 
Aggr. diam. 0 0 + + 
Vol. weight 0 •M 0 + 
Vi/'ilt.  point + 0 -
-
Moist, equiv. + + mm m 
M.E. -  W.P. 0 0 0 -
Aer. poros. 0 0 + + 
Cap. poros. + + 0 
-
Witrif. N + + + + 
Avail. P •h + 0 0 
Avail. K + + 0 0 
C.E.C. mm 0 0 -
Exch. H 0 0 0 0 
^•Clay content of soil samples in Subgrouj) I: 20,2^1^ 
Clay content of soil samples in Subgroup Hi 20.2-29,l^i 
Clay content of soil samples in Subgroup III: 29»l~36»9)o 
Clay content of soil samples in Subgroup IV: 36,9/^ 
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negative• The concluaion which con be drown from this is 
important. The reaalta prove that the relationship between 
yields and moisture equivalent is definitely not linear, but 
at the most curvilinear• The total population of observa­
tions, however, might be divided into two parts, in each of 
wVvlch an approximate linear relationship may be assumed to 
exist• The regression line depicting the relation between 
yields and moisture equivalent will slope upward in the 
case of materials with low clay contents. Another regres­
sion line in the case of clay-rich tmterials will slope 
dovniward. As, however, the total effect of moisture equiv­
alent on yields is negative, it may appear that the slope 
of the regression line in the first case is less than that 
of the line in the second case. 
In order to evaluate plant yields in relation to spe­
cific soil factors, the observations mast obviously be 
grouped in two sets according to their clay content. Only 
then it seems legitimate to assume rectilinear relationships 
between yields and factors. It may be possible then to ex­
press tl:ie relationship by means of two separate multiple 
regression equations, one for each set of data, in which case 
the regression coefficients will be more meaningful than 
when they would be determined from all pooled data. 
The analysis on significant aasoclatlona and correla­
tions in each of the four Subgroups revealed that several 
factors might not add much to the total information. This 
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vma duo again to nonal»;nlficant relationships between these 
factors and yields and to duplicating; measurements by closely 
associated factors, i'our more factors were eliminated on 
that basis. They were: silt content, which effects seemed 
largely duplicated by aanci content; wiltlnp: point and avail­
able water (M.E. -  W.F.), both duplicated by moisture equiva­
lent; and volume weif^ht, duplicated by total porosity which, 
in Its turn, was duplicated by capillary porosity, 
Multiplo recession statistics for yields and selected soil 
Statistical. Computation of all correlation coeffi­
cients, Gaussian multipliers and standard partial regression 
coefficients of the twelve selected variables in each of two 
seta of data were carried out by the Statistical Laboratory 
at Iowa State College. All subsequent calculations were done 
by the author. It should be noted that partition of all data 
into tvi^o sets, according to the clay contents of samples, 
resulted in a separation into two distinct populations. Kach 
pojTulation is expected to have its own specific parameters 
of v/hlch the estimates have been computed and. are given here­
with. 'J'he model in each set is assumed to be of the type; 
which estimates bQ, bj^, .  • • ,  b^g had to be found. The 
indices 
where ^ unknown parameters for 
106 
correlation matrices for both sots of data are presented In 
Tables 12 and 13. All other statistics for Sets 1'^ and II 
are given in Tables 14 and 15 respectively. 
The correlation coefficients in Tables 12 and 13 measure 
the degree of linear association among the variates (37, 
p. 176). As siich, each r measures how closely points of 
observation lie around the regression line for the two re­
spective variates. If samples are randomly drawn from normal 
bivariate populations with correlation p (rho), one may test 
the mill hypothesis, = 0, by means of a ;t-te3t. Snedecor 
presents for this purpose a table (55, p. 149) from which the 
significance of correlation coefficients may be read off eas­
ily. If, in the present data, the correlation coefficient 
for any x^alr of variates is larger than .201, d.f. 94, the 
null hypothesis can be re.lected as not more than five samples 
of 100 are expected to give a value for r larger than .201. 
Similarly, valxios for r larger than .262 are significant at 
the 1 percent level. The coefficients of determination, r^, 
which are also presented in Tables 12 and 13, measure in each 
case the proportion of the total sum of squares explained by 
or attributable to linear regression between the two factors 
under consideration. 
Standard partial regression coefficlentg (b^) indicate 
Sot I represents all observations in samples with clay 
contonta le33 than 29.1%. Set II includes all samples with 
clay contents higher than 29.1^, 
2 
Table 12o Correlation coefficients {r) and coefficients of determiiiation. (r ) for yields and 12 soil indices in 
Set I. 
Sand 
2^ 
Clay 
3^ 
Aggr. 
4^ 
M.i;. 
5^ 
Aer.Por. 
6^ 
Cap.For. Init.N 
8^ 
Nitrif.S 
9^ 
Avail.P 
1^0 
Avail .£ 
1^1 
C aC . 
1^2 
Szob.H 
1^ Sand 1.00^  -.48 -.07 -.91 .19 -.66 .08 -.06 -.30 -.56 -.79 -.30 
2^ 
Clay -.48 1.00 .21 .59 -.41 .37 -.13 -.08 -.09 .32 .49 .36 
Aggr, .07 .21 l.CX> .04 .19 -.09 .03 ,22 -.14 .23 -.08 .14 
M. E. -.91 .59 .04 1.00 -.24 .67 -.09 ,06 .22 .64 .83 .32 
% Aer.Por. .19 -.41 .19 -.24 1.00 -.07 .14 .31 .29 .04 -.14 -.05 
Cap.POT. -.66 .37 -.09 .67 -.07 1.00 -.02 -.03 .22 .46 .55 .05 
Init. H, .08 -.13 .03 -.09 .14 -.02 1.00 .17 .01 .02 -.07 -.13 
^8 Nitrif -.06 -.08 .22 .06 .31 -.03 .17 1.00 .24 .48 .13 .21 
Avail.P -.30 -.09 -.14 .22 .29 .22 .01 .24 1.00 .35 •31 .12 
^20 Avail^ K -.56 .32 .23 .64 .04 .46 •
 
o
 
ro
 
.48 .35 1.00 ,55 .17 
1^1 C .S aC . -.79 .49 -.08 .83 -.14 .55 -.07 .13 .31 .55 1.00 .41 
Xi2 Sxch. E -.30 .36 .14 .32 -.05 .05 -.13 .21 .12 .17 .41 1.00 
V Yield -.2.2 .01 -.09 .13 .12 .07 -.02 .32 .36 .22 .19 -.10 
in ^  4.63 0.01 0.90 1.60 1.34 0.46 0,04 10.40 12.82 4,67 3.62 1.01 
a^l^ ies for r larger than »201 are significant at ^  level. 
Values for r larger than .262 are significant at level. 
Table 13. Correlation coefficieats (r) and coefficients of determination (r ) for yields and 12 soil indices in 
Set n. 
2l 2^ X3 4^ 5^ 6^ 8^ -^9 1^0 1^1 Xi2 
Sand Clay Aggr. a.E. Aer.Por, Cap.Por, InitJJ Hitrif Avail.P Avail.K C .X .c. Exch.»R 
1^ Sand l.OO®" -.42 .26 -.54 -.12 -.38 •24 .29 -.44 -.33 -.45 -,59 
2^ 
Clay -.42 1.00 -.17 .70 •^ .22 .50 -.35 -.34 -.23 .11 .51 .16 
Aggr, .26 -.17 1,00 -.18 .21 -.12 .23 .46 -.11 .31 -.32 -.15 
4^ M. E. 
-.54 .70 -.13 1.00 -.12 .65 -.16 -.43 -.01 .31 .77 .42 
X 
5 
Aer J'or, -.12 -.22 .21 -.12 1,00 -.22 .17 .20 .12 .32 -.04 .14 
6^ 
Cap.Par. -.38 .50 -.12 .65 -.22 1,00 -.05 -.35 .04 .14 .50 .33 
Init. H .24 -.35 .23 -.16 .17 -.05 1.00 .21 .05 .14 -.24 -.06 
Nitrif, N .29 -.34 .46 -.43 .20 -.35 .21 1.00 -.11 .27 -.41 -.21 
9^ 
Avail.P -.44 -.23 -.11 -.01 .12 .04 .05 -.11 1.00 .22 .03 .42 
Avail.K -.28 .11 .31 .31 .32 .lA .14 .27 .22 1,00 .16 .25 
1^1 C.E»«C« -.45 .51 -.32 .77 -.04 .50 -.24 -.41 .03 .16 1.00 .38 
1^2 Exch.H -.59 .16 -.15 .42 .14 .33 -.06 -.21 .42 .25 .38 1.00 
Y Yield .12 -.43 .26 -.46 .21 -.43 .29 .49 .19 .14 -.37 -.18 
r^  in ^  1.44 18.64 6.96 21.24 4.51 18.88 8.25 24.39 3.44 1.86 13.41 3.28 
V^alTies for r larger than .201 are significant at level. 
Tal-ues tar r larger than ,252 are significant at 2^  level# 
109 
hov/ Y varies per unit change (using standard measure) in a 
speciric variate X, if all other variates are held fixed. 
Comparisons between standard j)artlal regression coefficients 
are more convenient than between ordinary sample partial re-
.''ression coefficients because no 3 |:;eclfic dlmenaions are used 
in the standardized data of the former statistics. Reliable 
A 
Information ataoiat relations betv/een Y and all ^i'^ there-
fore possible only v/hen the b-primes are examined and com­
pared, because they are in the same dimensions (55, p. 363, 
37, p. 217). 
Variation and significance of standard partial regres­
sion coefficients were determined in the follov/lng manner 
(21) J 
Variance (bj) = = c' (1-R^) 
1 n-k 
in which c|j|_ = Gaussian multiplier 
= multiple correlation coefficient 
n = number of samples 
k = number of variables 
Standard error (b]) = 
i 1 
To teat = o, = K 
H 
Vi'lth the null hypothesis set up, the probability of tabiilar t 
exceeding the sample value is determined. If this probabil­
ity is less than 5 percent, the hypothesis is rejected and the 
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balue of ^ la sigalflcantly different from zero. On the 
other hand, the null hypothesis la not likely to be rejected 
If the probability of obtaining a higher value for t is more 
than 5 percent. Even though a standard partial regression 
coefficient may be nonsignificant in such a ctise, some rela­
tion may yet exist betv\foen yields and the resj-ective variable. 
It may happen in the present data that the sign of b', 
measuring the variation of Y with a specific variate—say 
, is negative, while the sign of the corresponding cor­
relation coefficient (between Y and ) la positive. V^tiereas 
the correlation coefficient measures the degree of associa­
tion of Y and Xj as it appears from the total group of ob­
servations, the partial regression coefficient is a measure 
of the SEune association but v/lthin a much more limited as­
sembly of observations in which other variates are held con­
stant and effect no changes in Y. With an unlimited amount 
of data available, it  is theoretically possible to separate 
the data into such subgroups that in each subgroup all vari­
ates but one wore fixed; while the one non-fixed variate 
would change Y according to a certain regression equation. 
The regression coefficient of that equation would be the 
same In all subgroups and might, for Instance, be negative. 
However, i;oing from one subgroup to another, the general 
level of Y mif^t be steadily increasing and, even thou^^i re­
gression between Y and was constantly negative within each 
subgroui), the total trend of Y, with related Xj, would be 
Table 14« Miiltlple i^ gression statistics ajid analysis of variance of 12 variables in Set I. 
Y 
Yield Sasd 
^2 
Clay 
3^ 
Aggr. 
X_ X x_ z. 
"4 ~5 "6 "7 ~8 ~9 "10 11 12 
MaSo Aer«Par* CapePor* Init^ I Nitz>if.H Avail*? Avail.£ C>S*C» Szoli«H 
 ^85,29 Xj- 36.03 19,94 0.39 20,88 10,89 30.00 3.81 27,10 2.81 221,25 14,55 1,32 
-0.4752 0.2098 -0.0872 -0.^ 66 0.0377 -0.1683 -0,0944 0.3848 0.2720 -0.0958 0.0744 -0.3484 
0.2348 0.1335 0.1115 0.3025 0.1149 0.1307 
t » 2,024* 1.570 0.782 0,947 0,328 1,2B7 
0.0930 0.1241 0.1098 
1.015 3,101** 2,477* 
0,1564 0.1S42 0.1100 
0.512 0.404 3.167 
Analysis of Yarianee. 
Variation due toi 
Regre ssion 
Deviations 
?otal 
d.f, 
12 
83 
95 
Sxm of u^ares 
133472.98 
281980.85 
415453,83 
Mean square 
11122,75 
3397.36 
12 •» 
8^3 " 
t-J 
B 
R 
,3212 
.5668 
.Nttaber of observations * 96 
,.Significant at ^ level, 
Sigr.ifica.nt at 1% level. 
Table 15. Multiple regression statistics and analysis of variance of 12 variables in Set H. 
Y 
Yield 
1^ 
Sand 
2^ 
Clay 
X. x_ X. X X 
3 4 5 6 "7 "8 9 10 11 "12 
Aggr* UeS, Aer»Pore Cap»Fors InitJ? Nitrif»K Avail.? Avail.X C.B.C. Sxch..H 
y- 64,35 X. 
t » 2.083 
a 
Analysis of Variance« 
Variation dne to; 
Regression 
Deviations 
Total 
25,93 38.57 0,60 23,30 8,32 37,57 3,24 14,09 2,76 
-0.2755 -0.5995 0,0830 -0,2969 -0.0414 -0,2222 0.2011 0.2860 0.1448 
0.1323 0,1327 0,0996 0.1869 0.0952 0.1102 0.0921 0.1084 0.1103 
1.589 0.435 2.017* 0.527 0.833 
d,f. 
12 
83 
95 
Sun of sqtiares 
181373,31 
209586.65 
390959.96 
2,185 2,639 1.321 
Mean square 
15114,44 
2525,14 
271,52 20,60 2,23 
0.0663 0.1241 -0.1699 
0.1102 0.1343 0.1075 
0,602 0.924 1,580 
12 
"83 
5.99 
t-J 
CO 
R 
R 
.4639 
.6811 
fHuaber of obserTations =» 96 
, .Sigrxif leant at Sfo lerel. 
Significant at 1% level. 
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that of a jjoaitive correlation. 
BXirthermore, it  should, be obaorvoci that some of the es­
timates for negative standard partial regression coefficients 
have a 9 5 percent confidence interval which at one end ex­
tends beyond zero into the positive region. The follov/lng 
example illustrates this: 
(Set I) = -  0.2866 + 0.6020 
/ .  (b|)^ = - 0.8886 (bpg = + 0.3154 
Thus it may be possible that the population parameter ( 
esttaated by ^ is actually a positive value instead of a 
negative one. 
Analyses of variance (Tables 14 and 15) determined 
whether the multiple regressions were successful in account" 
ing for a significant part of the variation in Y. An F-test 
on the mean square due to regression and on that for devia­
tions about the regression revealed that this aim was 
achieved in both sets of observations. The coefficient of 
multiple correlation R is herewith proven to be significant. 
R measures the degree of association between the estimated 
vall.ues (Y) and the observed values (Y) of the dependent vari­
able. In other words, the coefficient of multiple correla­
tion measures the significance of the combined effects of the 
variables In explaining the differences in the dependent fac­
tor (14, p. 210). The fact that most variables In this study 
are highly intercorrelated accounts for the relatively low 
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values for R. The square of R, R^, la that part of the aum 
of aquaroa of Y which la attributable to regreaalon and la 
analojxoua to the coefficient of determination (r^) in aimple 
llnoar regreaalon (157, p. 215) 
"•J'hat part of the aum of squares in the analyala of var~ 
lance due to deviations about the regreaalon i\irnl3hes the 
variance and standard error of eatimate. Thia atandard error 
A 
of Y is leas than the overall standard error of Y 
(Sy) • T'hla reduction in values for standard errors is another 
achievement of multiple regression. 
In the present study it appeared that only four partial 
regression coefficients In each aet were algnifleant at the 
1 percent or 5 percent level. In order to find out v/hether 
the remaining regreaalon coefficienta gave any appreciable 
information it seemed feasible to tost the hypothesis whether 
the parameters rop-resented by the remaining nonaignlfleant 
regreaalon coefficienta were zero (27, p» 42-43) • T'or that 
purpoae nev; eatlmatea were obtained for the four algnificant 
regression coefficients In each aet. The model in v/hlch they 
wore estimated v/aa, in that case, reduced to one containing 
only four varlatea. Suma of squares removed by regression on 
the four varlatea were calculated and sums of squares due to 
regreaalon on the remaining varlatea were obtained by sub­
traction in the original analyala of variance (Tablea 17 and 
P Ezekiel (14, p. 211) calls R ,  therefore, the coeffi­
cient of multiple determination. 
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19). The mil hypothesis is tested with the usTial F-test, 
Finally, standard partial regression coefficienta were 
converted into common partial regression coefficients by use 
of the equation: 
' 1/ ^  y' 
"1 i/l? 
Varianco, standard error and 95 percent confidence limits 
were calculated for the four partial regression coefficients 
in each set, using the following equations; 
Varlanoe (bj) = "ll ' 
in which = Z Z 
and c..  = 
Z x f  
Confidence interval (bj^) = bj^ + t  • 
'Ihe estinjated regression equation for each sot of data was, 
finally, obtained from: 
Y = y + ^ - 55 
1=1 ^ ^ 
ACTonomic« Separation into tvjo sets of samples according 
to clay content has resulted in a complete separation between 
sand materials (as discussed on p. 63 ),  and giambotlls and 
an almost complete separation between loess materials and B 
horizons (see Figure 2). Till materials are almost equally 
divided over both sets, whereas Set I includes only 35 percent 
1.16 
of the forrettc matei?;lal and about 75 percent of the buried 
Ag material# It ajipeara then that, except for the buried Ag 
material, the majority of "problem" materials la present in 
Set II. This explains the lower average yield in Set II 
(y = 64,85 gm»/plot), as compared to that in Set I (y = 85.29 
gm./plot). Averages of most variables do not differ much 
in both sets except for those of clay content and of factors 
closely associated with clay content. The difference in 
nitrifiable nitrogen content between both sets is, however, 
striking with the average in Set I (Xs " 27,10 lbs,/A.) being 
almost doable of that in Set II (Xg -  14,09 lbs,/A,), 
Examination of correlation coefficients in Tables 12 
and 13 reveals that significant associations agree, in gen­
eral, with those v/hich were found in the chi-square analysis 
(Tables 5 and 7 to 10), The signs of correlations between 
the various factors and yields also confirm the findings of 
the chi-square analysis. Comparing Set I with Set II, it 
appears that correlations change signs from one set to the 
other in the case of all physical cliaracteristics except 
aeration porosity. The v/idely different values obtained for 
partial regression coefficients in Set I as compared with 
those in Set II Indicate also the different effects by the 
same measurements In different populations. On the other 
hand similarities between the tv/o sets occur due to the 
'"^^See O'ables 14 and 15, 
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typical character of these backalope r;is.teriala. 
High correlations are observed between many factora and 
sand content. After the separation according; to clay con­
tent, sand represents the textural class with the widest 
variation. 
The hi^jl:!. correlations between sand content, capillary 
porosity, available potassium and cation exchange capacity 
with moisture equivalent are noteworthy. They are, respec­
tively: -  «91, + ,67, + .64 and + .83 in Set I,  and -  .54, 
+ .64, + .31 and + .77 in Set II. Similar relations exist 
between the same factors and capillary porosity but to a 
lesser degree. 
The significant negative correlation between clay con­
tent and aeration poroaity in Set I (r = -  .41) is Important 
even at the reduced range of clay contents. 
Absence of significaiit correlations in the case of 
available nitrate, in the first set, is noted. In Set II, 
however, some significant correlations between this variable 
and several others (mostly soil physical) are observed. 
There is a relatively high correlation between organic 
matter (nltriflable nitrogen) and aggregation, especially 
in the heavy soils whore r = + .46. 
The significant correlations among nutrients in the 
lighter soils with better plant growth (nltriflable nitrogen 
and potassium: r -  + .48, nltriflable nitrogen and phos­
phorus: r = + .24, phosphorus and potassium: r = + .35) seem 
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to Indicate that plant ^-rowth Improves under conditions of a 
better nutrient balance. 
The direct correlation of exchangeable hydrogen content 
and cation exchanf^e capacity and the indirect correlation of 
exchangeable hydrogen and clay content ia obvious. 
Significant correlations betv/een yield on the one hand 
and sand content (r = -  .22), nitrifiable nitrate (r = + ,52), 
available phosphorus (r = + .36), and available potassium 
(r = + .22) on the other are present in the loss clayey soil 
materials (Set I).  The coefficients of determination (rp) 
are, however, small. The highest one (r^ = 12.82^ in the case 
of phosphorus) Is still  far less than the coefficient of 
multiple determination (R^ = 32.13/^). The coefficient of 
multiple determination showed, therefore, that about 20 per­
cent more of the variance in yields could be accounted for by 
concomitant variation in the twelve variable factors studied 
simultaneously. 
The same appears to be true in the second set where 
eight factors exhibit a significant correlation v;ith yields. 
The highest coefficient of determination, here, is that for 
nitrifiable nitrogen (r^ = 24»39%) which is 22 percent less 
than the coefficient of multiple determination (R^= 46,39^). 
Coefficients of determination for clay content and all 
Its associated factors are notably higher in Set II than in 
Set I.  This seems logical because of the distinct clayey 
nature of the soils in the second set. 
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The low values for and in the first set and the 
hlcher values for the same estimates in the second lead to 
the concluaion that v;ith the specific assembly of measure­
ments employed in this stud^;, relatively more Information with 
respect to plant growth is obtained on clay-rich soils than 
on soils lov; in clay. 
An examination of standard partial regression coeffi­
cients reveals that a highly significant regression coeffi­
cient for nitrifiable nitrogen occurs in both seta; 
(Set I) kA = 0.3848 + 0.2468 
—8 — 
(Set II) b« = 0.2860 + 0.2155 
~8 -
A significant and negative regression coefficient for sand 
content is also present in both sets. The one in the less 
clayey soils is distinctly larger than that in the clay-
rich materials: 
(Sot I) = -  0.4752 + 0.4670 
(Set II) b» = -  0.2755 + 0.2631 
-1 
Two other significant regression coefficients are present in 
Set I,  one for available phosphorus (^ = + 0.2720) and one 
for exchangeable hydrogen content (b' = -  0.3484). Consid-
ering the actual values of the standard partial regression 
coefficients in Table 15, it appears that the coefficient 
for moisture equivalent, b^ = -  0.2866, is larger than the 
coefficient for available phosphorus. It fails to attain a 
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3lc;niricant value, however, because of ita larp:e standard 
error. The slae of thla standard partial ref^reaslon coeffi­
cient for moisture equivalent and of tboao for clay content 
(b^ = 0.2098) and capillary poroaity (b^ = -  0,1682) never-
theloas aeem to indicate a poaaitale contribution from thoae 
factors to the overall information. 
In the clay-rich materiala significant partial regrea-
aion coefficienta for capillary porosity (b^ = -  0,2222) and 
available nitrate (W = + 0.2011) are found besides those 
I 
mentioned for aand content and nitrifiable nitrogen. Here 
af^ain it la observed that some coefficienta have rather aiz-
able values without obtaining significance because of rela­
tively large standard deviations. They are, in decreaaing 
order of ma^initude: -  0,2969 (moisture equivalent), 
b^g = -  0,1699 (exchangeable hydrogen), ^ = 0.1448 (avail­
able phosphoriis) and b^^ = 0.1241 (cation exchange capacity). 
The relation between yield and aand content in Set II 
demonatratea the seemingly contradictory behavior of standard 
partial regression coefficient and correlation coefficient aa 
has been mentioned in the atatlatical section (p. 110). It 
ia obviotia that the overall correlation between yield and 
aand content ia positive. The average yields of the more 
aandy materials are, in general, higher, but not iieceasarily 
because of the increased sand content per se. The regression 
coefficient shows that for each hypothetical aub-aample in 
which all factors but sand content are held constant, yields 
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bend to decrease with increaaln-]; aarid content. This a;j;aln 
la plausible because of the lack of fertility of sand by it­
self • 
Subsequent analysis of the four variates in Set I,  for 
which in the first analysis algniflcant regression coeffi­
cients v/ere obtained, produced new eatimates for regression 
coefficients, standard deviations, etcetera, presented in 
Table 16. According to the t-teat, their ranking in order 
of significance from high to lov; is as follows: nitrifiable 
nitrogen - available phosphorus -  exchangeable hydrogen ~ sand 
content • 
Analysis of variance (Table 17) shows that the mean 
square for regression on the four factors jointly yields a 
Table 16. Multiple regression statistics of four selected 
variables in Set I 
^1 ^8 ^9 ^12 
(Sand) (Nitrif.N) (Avail.P) (Exch.H) 
bj[ = -0.1971 0.3028 0.2569 -0.2549 
-  -0.6020 0.7455 4.6243 -10.2785 
= 0.3016 0.2339 1.7499 3.9024 
t ^ = 1.996 2.643"^'' 2.634''^^ 
Confid.liraita = b3_+0.5993 bg+0.464B bg+3,4770 b]_g+7.7541 
Regression equation: 
Y = 83.1843 - 0.6020 + 0.7455 Xg + 4.6243 Xg -  10.2785 X^g 
'''"^Signlfleant at 1% level. 
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1'able 17c Analysis of variance of regression on eif^it deleted 
and four remaining variables in Set I 
Variation due to: d.f. Sum of squares Mean square 
Regression on ,  
^8' ^9' ^12 4 107086.37 26771.59 
Deviations 91 308367.46 3388.65 
Total 95 415453.83 
= 26771,5934 /  3388,6534 = 7.90*®^ 
Regression on Xt,  
^8' ^9» %2 4 107086.37 26771.59 
Regression on Xg, 
^3* ^4> ^5» ^6» 
X7, Xj^Q, X-|_i, 
after fitting 
Xi, Xe, Xg, X12 8 26386.61 3298.33 
Regression on 
Xi, Xg, . . . ,  Xj^g 12 133472.98 11122.75 
Deviations 83 281980.85 3397.36 
Total 95 415453.83 
= 3298.33 /  3397.36 = :  0.97 
'^^•''"Significant at 1^ level. 
variance ratio with the error mean square which Is slgnlfl-
cant at a level far less than 1 percent. The null hypothesis 
on the regression of the remaining eight variables (of the 
first regression analysis) cannot be rejected, because of 
the relatively low value for F In the variance ratio. This 
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might lead to elimination of all remaining factors, tiome 
caution should hov/ever be observed, for the restriction to 
four variables only has resulted in a notable decrease in 
from 32.13^ to 25,78^o. This loss of more than 6 percent in 
the total amount of information is by no means negligible, 
H'he contribution to information by the concomitant variation 
of the pooled factors warns that such factors cannot be 
merely discarded. 
The regression equation in terms of partial regression 
coefficients may be interpreted as follows; the yield per 
plot, starting from a basic value of 83•184.3 gram, decreases 
0»6020 gram with each percent increase in sand; Increases 
0.7455 gram v;ith each added pound nltrifiable nitrogen per 
acre; increases 4.6243 gram vd.th each pound available pVios-
phorus per acre; and decreases 10.2785 grain with each mllli-
equivalent hydrogen per 100 gram soil. Mien other variables 
are held constant one pound of nltrifiable nitrogen has on 
the average increased forage yields on backslope materials 
with low clay content by 0.7455 (?;ram/plot which is equivalent 
to 28 lbs./acre.Likewise yields have been Increased 170 
lbs./acre with each added pound of available phosphorus per 
acre. 
A discussion analogous to that for Set I follov/s for the 
heavier materials in Set II (see Tables 18 and 19). On the 
^'^One gram/plot = 37 lbs./acre. 
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Table 18. f>iultiple rogreaaion statistics of .four selected 
variables In. Set II 
Xi Xg X7 Xs 
(Sand) (Cap.por.) (Inlt.N) (Nitrlf.N) 
H 
= -0,1808 
-0.3619 0.2344 0.3699 
^i = -0.9627 -2.2825 9.2315 1,4904 
'b. = 0.4914 0,5838 3.3879 0,3652 1 
t = 1.958 0 .910 2.725"'^"^^ 4,080^'" 
Confid, 
llmita = ^^^+0.9764 bQ+1.1600 bY+6.7317 b8±0.7257 
Regression equation: 
Y = 5.0900 - 0.9627 X^ - 2.2824 Xg + 9.2315 X7 + 1.4904 Xg 
'^'"^'"Significant at Vfo level. ~ 
basis of t-teats on regreaaion coefficients, the following 
order in aignificance from high to low may be observed: 
nitrifiable nitrogen - capillary porosity - initial nitrate -
aand content. The regreaaion coefficient for sand content 
is, in thla analysis, actually no longer significant. 
Analysis of variance demonstrates the significance of 
variance due to the regression on four variatea only, and 
the nonslgniflcance of that on the remaining eigjlit variatea. 
But hero again, is reduced, from 46.39;^i> to 38,56^. 
The very low basic yield (value for ]^) of 5.0900 gram/ 
plot la notev/orthy, and not uni'ealiatic for the extremely 
pioor materials In this group. Yields, then, are expected to 
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Table 19. Analysis of variance of regresaion on eight de­
leted and four remaining variables in Set II 
Variation dtae to: d.f, Sum of squares Mean square 
Regression on j 
Xg, x^, Xe 
Deviations 
Total 
4 
91 
95 
150759.17 
240200,79 
390959,96 
= 37 689.79 / 2639,57 = 3,53^"'" 
37 689.79 
2639,57 
Regression on X^, 
^6» ^7' ^ 8 
Regression on Xp, 
X2,X4,Xg,Xg,X]^Q, 
^11»^12 after fit­
ting Xq^^Xq^XyiXq 
Regression on X]_, 
• .. f Xt ^2> 
Deviations 
>•12 
8 
12 
83 
Total 95 
p|3 = 3826,77 / 2525,14 
150759.17 
30614,14 
181373,31 
209586,65 
390959.96 
1.52 
37689.79 
3826,77 
15114,44 
2525.14 
'^^'"Significant at 1% level, 
decrease 0,9627 gram per plot with each percent increase In 
sand content; decrease farther 2.2824 gram with each increase 
in percent capillary porosity; Increase 9,2315 gram with each 
added pound of available nitrate per acre, and increase 1,4904 
gram wlttri each pound of nltriflable nitrogen per acre. 
Or, holding the other factors constant, one added pound 
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of available nitrate has on the average Increased forage 
yields on clay-rich backslope materials by 9.2315 gram per 
plot, which is equivalent to an increase of 340 lbs./acre• 
In like manner yields have been raised 55 lbs./acre with 
each pound of nitriflable nitrogen per acre backslope. 
The large negative effect of sand and capillary porosity 
on yield, together v/lth the very low average yield in this 
regression equation leads at times to some unrealistic yield 
estimates. In many cases a negative yield would be pre­
dicted. It appears, therefore, that moat of the variation 
explained by multiple regreaaion resulted from the close 
association between yields and factors which affect p)lant 
growth in a negative manner. Measurements on variables hav-
Infj; a positive effect on j)lant growth were not adeqiiate or 
were not Included In this study. 
In. the entire preceding analysis it has been observed 
that tlie majority of soil physical measurements can be re­
lated to extreme textural conditions. Moat, if not all, of 
these factors seem to measure the negative Influence of water 
on plant growth, especially In the case of clay-rich materi­
als. I.'jeasurements on soil physical conditions which may be 
expected to have a positive effect on jjlant growth fail to 
contrltjute significant estimates. It would seem then that 
other, more adequate, measurements in this respect riaist be 
sought after and applied in this field of research. 
Positive effects exerted by available nutrients seem 
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to I'laVQ Toeen estimated fairly satisfactory, >jut the natural 
low fertility of hackalope materials limits automatically the 
range of availability and restricts therev/ith the significance 
of the nutrient factors. The artificial application of vari­
ous amounts of fertilizers in fertility experiments would 
widen this range and mif-iht yield a more accurate Information 
on nutrient effects. 
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SUMJvIARY AND CONCrJU SIONS 
In an attempt to analyze the problem of revegetatlon of 
highway backalopes it waa conaiderod neceaaary to: 
(i) obtain as thorough a knowledge as possible of the 
materials Involved, and to 
(11) correlate existing plant growth on these materials 
with measurements of soil ijhyslcal and soil chemical proper­
ties of the same. 
In an attempt to achieve the first objective, highway 
backslopea were studied throughout Iowa, with special atten­
tion being given to western and southern Iowa v/here most of 
the more troublesome problems in backslope revegetatlon exist. 
In the western and southern parts of the state, hijThway back­
slopea were studied along some 3500 miles of hlghv/ays and 55 
backslope exposures were surveyed and sampled# A total of 
241 samples v/ere thus obtained. The sampled material was 
classified as to geolof;lcal strata# 
The materials were analyzed on 20 different aoil proper­
ties, and were described and defined by the average values 
of the resulting analytical data. Correlations between plant 
yields and soil properties were statistically examined and 
analyzed by the chi-square method of association and aubae-
quently by multiple regression. 
The following conclusions were reached during the course 
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of this study: 
!• Major backalopo materials may well be defined by 
color, texture, and avera;';e val\iea of determinationa on 
atructaire, water-hold im'j pi'opertios, available nutrlenta, 
acidity and exchanKQ propertiea, 
2. Uiatinct textural, structural and nutritional dlffer-
encea exist betv/een materials derived from the aame parent 
material but subjected to different degrees of v/eathoring. 
In both till and loess materials clay content alone may serve 
as a .'Tsnoral guide with respect to the degree of weathering, 
A similar change in texture, accompanied by relative 
changes in associated factors, occurs in loess material duo 
to a deposition effect. Deposition effect is here defined 
aa the effect of distance between source and location of 
deposit on the properties of the deposited material. 
3. The useililness of employing ohi-squares of aaaocia-
tion in the analysis of complex relationships between plant 
yields and soil properties and among soil properties is demon­
strated by the simultaneous information given by chi-aquares 
on: 
(1) the direction and closeness of correlation between 
two factors (from two-way tables necessary for the calcula­
tion of chi-square), 
(11) the presence or absence of association between 
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factora, and to some extent the closeness of association (from 
the actual chl-square value), 
(111) possible dui^licatod information given by two or 
more factors v;ith the same degree of precision (from mutual 
associations and actual chl-square values) •> 
Results of chl-square analysis may determine which fac­
tors may bo expected to provide aignificant Information, and 
which factors may safely be deleted from future analysis. 
4. All soil physical and cation exchange properties are 
highly intercorrelated v/ith clay content of the materials. 
This correlation is so close that true effects of the indi­
vidual soil properties cannot be measured without, at least 
partially, ollmlnatlng the influence of clay content. This 
elimination of excessive clay effects in statistical analysis 
appears to bo achieved by groupinf^ the available samples ac-
cordin/:': to their clay content. 
5. Grouping of samples according to their clay content 
results in separation of distinctly different populations, 
each v/lth its own regression parameters, vifhich may differ 
not only in size or significance but also in 3if;n from one 
jjopulation to another. 
6. Capillary porosity appears to be a more adequate 
measure of porosity with respect to plant growth than total 
porosity, in the case of baokalope materials. 
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7. Cation exchange capacity aa determined in these tna-
torials, seems to measure soil physical conditions rather 
than soil chemical conditions. Closo association with clay 
content is responsible for this effect. In this respect 
cation exchange capacity is a more adequate measure than 
the total exchangeable bases content. 
8. J'lxchanjT.eable hydrogen content seems to be far more 
efficient in measuring soil acidity in backalope materials 
than either pH or percentage base saturation. 
9. The chi-square analyses indicated that only 12 of the 
20 measured soil properties were significantly associated 
with plant growth. Two of these indices contained informa­
tion duplicated by other indices, included in the same set 
of 12. Two other indices which were suspected to be corre­
lated with yields were added Instead, making the total of 
factors, to be analyzed, by nmltlple regression, again 12« 
lOo Multiple regression on these 12 soil indices ex­
plained 32 percent of the total variation in plant yields, 
in the case of backslope materials with less than average 
clay content, v/hile 46 percent of the variation vms accounted 
for in the case of clay-rich materials. 
There v/ere only four sii';nifleant partial regression coef­
ficients in each set of data, and subsequent analysis of var­
iance proved that the null hypothesis with respect to the 
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Ql.«'ht remaininr; variables could not bo ro^octed in cither 
case. On tlie other hand, deletion of these eight variatoa 
decreased, in both cases, the total information by six and 
eifrht percent respectively# 
11. Witrifiable nitro^^jen and available phosphorus exert 
the largest positive effects on plant t':rov/th in materials 
vd.th lov/ clay contents. I'he main negative effects in the low 
clay Group are caused by exchangeable hydrogen and sand con­
tent. Consideration of associated factors seems to indicate 
that x^lant grov/th will primarily benefit from improvements 
In the nutritional status of these backslope materials. 
12. Plant growth on clay-rich irateriala is increased by 
available and. nitrifiable nitrogen mainly, and decreased by 
capillary porosity and sand content. Both nutritional and 
structural improvements are expected to boost plant growth 
considerably on these materials. 
13. It seems that yield depressions in so far as they 
are caused by excess soil moisture or acidity, may bo ade­
quately estimated by the present methods and determinations 
on soil v/ater content, capillary porositjr and exchangeable 
hydrogen. 
Determinations of physical soil inrllcea vrtiich are ex­
pected to have a positive influence on plant growth, like 
aeration porosity and aggro£';atlon, do not appear to be ade-
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quote In ostlrnatlnp' the relationship between these soil 
properties and plant ylelda. Therefore more sufficient meas­
urements will have to be designed and ineltided In order to 
arrive at satisfactory conclusions with respect to the rela­
tion between soil structure and plant growth on backslope 
materials• 
14. A more distinct relationship between plant yields 
on backslopes and nutrient availability could be expected 
if it vi^ere possible to widen the ratige of nutrient availa­
bility# Such can be done in fertilizer experiments. 
15. The practical implications of this study with re­
spect to revegetatlon of highway backslopes are: 
(1) all backslope materials are nutritionally poor and 
require adequate fertilization visually in the form 
of nitrogen and jihosphorus, in order to establish 
satisfactory vegetation, 
(11) clay-rich materials (gumbotll, ferretto, fi-horlzons) 
are unable to support vegetation because of undesir­
able structural features of which the most important 
is probably the lack, of aeration. Improvements may 
be found in the way of mechanical cultivation, 
mulching, topsoillng and addition of coarser ma­
terials. 
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Table 20, Locations of 55 selected higjiway backslopes In Iowa 
No. of 
plots/ County 
* slope 
Tov/nshlp 
and section 
Highway 
and Aspect Depth 
station 
4 Sac 
5 Bac 
1 Sac 
6 Crawford 
T-86N,R-35Yil, 
section 14, SE 
SE i 
X 
71 
922 
T-86N,R-38W, 4 
section 26, NE 1093 
sw i 
T-86N,R-38W, 
section 27, SE 
SE i 
T-84W,R-381IV 
section 6, SW 
SY\f i 
1. 
it 
1061 
4 
352 
W 
E 
1 
25 
8 
10 
18 
3 Cherokee 
6 2 Cherokee 
4 Ida 
T-91N,R-40W, 
section 10, SW 
SE 2: 4> 
i 4# 
T-90N,R-40W, 
section 3, SW i, 
SW I 
-89N,R-41W, 
ection 7, NE 
TO i 
59 
31 
31 
E 
m 
10 
25 
30 
8 2 Crawford 1-8415, R-40W, 141 
section 33, NE i, 1436 
SW ^ 4
9 2 Potta­
wattamie 
T-74N,R-43W, 
section 33, SE 
NW i 
4 9 
275 N 10 
10 3 Carroll T-82N,R-33W, 141 
section 32, NW i, 936 
NW ' 2. 4
N 33 
& 
Depth of cut measured vertically in feet. 
n.o» 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
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20. (Continued) 
Noc of 
plots/ County 
slope 
Highway 
and Aspect Depth 
station 
Township 
and section 
3 Mills T-72N, R~40W 59 
section 36, NE 962 
NW i 
w 10 
4 Mills T-71N, R-40W 
section 36, NE 
Nv; i 
59 
552 
W 12 
Fremont T-70W, R-40W, . 59 
section 1, WE \ 496 
NW i 
w 12 
2 Cass T-74N, R-37W, 100 
section 12, NE -I", 349 
NW i 
N 23 
4 Adair T-75N, R-31W, 
section 30, SE 
SE ' 1 4
25 E 17 
5 Guthrie T-79N, R-31W, 
section 18, SV/ 
SE •' 4
25 E 18 
3 Guthi'le T-7BN, R-32W, 
section 24, NW 
SW i 
1 25 W 15 
3 Guthrie T-80N, R-33W, 
section 29, WW 
SW 4 
i 
73 W 18 
3 Marshall T-83N, R-19W, 30 
section 11, SW 22 
NE i 
SW 23 
4 Linn 
3 Linn 
T-82N, R-6W, 
section 8, NE 
SW 4 
T-82N, R-6W, 
section 10, NW 
SE 4-
30 
287 
30 
390 
30 
SO 
able 
ilope 
no. 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
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20, (Contlnuod) 
No. of 
plota/ County 
slope 
Township 
and section 
Highway 
and Aspect Depth 
station 
3 Linn 
3 XiO 0 
T-82N, R-5W, 
aoction 15, WE 
WE i 
L 
3 Jefferson 
13 Washington 
2 Henry 
3 V/ashington 
5 J ohnson 
2 Appanoose 
3 Appanoose 
3 Ke okuk 
4 Keokuk 
T-68W, R-7W, 
section 4, NE -5, 
KE i 
T-73N, R-lOW 
aoction 15, HE 
NE -4 
T-74N, R-8W, 
section 34, 
SW i 
sw i, 
T-73N, R-7W, 
section 6, SW 
NE A Oi 
1. 
4* 
T-74N, R-8W, 
section 9, SE -i. 
SE i 
T-78N, R-7W, 
section 18, NW 
NE i 
4* 
T-68N, R-16W, 
section 11, NW 
SW i 
T-6DN, R-16W 
section 2, SW -4, 
SW i 
T-77N, R-13W, 
section 3, NVJ •i, 
SW i 
T-77N, R-13W, 
section 28, SE 
SE i 
30 
773 
103 
356 
78 
78 
1 
325 
1 
447 
142 
60 
142 
80 
21 
21 
N 
N 
N 
S 
NE 
SE 
SE 
W 
W 
W 
E 
17 
8 
9 
23 
10 
15 
12 
12 
13 
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T ab le 20. (C ont i nue d) 
No. of 
P® plots/ County 
slope 
Township 
and section 
Highway 
and Aspect Depth 
station 
32B 3 Keolmk 
33 
35 
36 
37 
39 
40 
41 
6 Jasper 
34A 3 Lucas 
34B 3 Lucas 
Luc as 
VT/ayno 
Wayne 
^iVayne 
V/ayne 
Wayne 
Wayne 
T-77N, R-13W, 
section 27, SVi' i*, 
¥ 3W -
T~81N, R-18W, 
section 13, SW 4 
sw i 
T-71K, R-21W, 
section 7, HE -I", 
NE i 
T~71N, K-21W, 
section 8, NV\f -i, 
WW i 
T-71N, R-21W, 
section 30, SE -i, 
SE i 
T-70N, R-21W, 
section 31, SVtf 
WW i 
T-69N, R-21W, 
section 6, IW 
WW i-
T-69N, R-21W, 
section 6, NW -i, 
SE i 
T~69N, R-21W, 
sect: 
NW i 
SQCtion 6, SVif -s. 
T«69N, R-21W, 
section 6, SW 
NW i 
T-68N, R-23W, 
section 9, NE 
4 
21 W 
NE ^
14 
762 
14 
752 
14 
752 
14 
14 
235 
14 
192 
14 
153 
14 
135 
14 
135 
65 
600 
W 
W 
E 
E 
E 
W 
E 
W 
E 
33 
17 
12 
13 
13 
43 
39 
16 
15 
146 
Table 20, (Continued) 
lilghway 
and Aspect Depth 
station 
No. of 
Slope plots/ County 
slope 
Township 
and section 
42 3 Wayne 
43 6 Jasper 
44 5 Jasper 
45 7 Jasper 
46 5 Johnson 
47 5 Johnson 
48 7 Jasper 
49 11 Decatur 
50 2 Decatur 
51 8 Decatur 
52 6 Mahaska 
T-69N, R-23W, 
section 33, HE -j, 
SE i 
T-80N, R-20W, 
aectlon 36, SW 
NE i 
T-80N, R-19W, 
section 25, SW -i, 
SE i 
T-80N, R-IBW, 
section 26, SW 
SW ^ 
T-79N, R-6W, 
section 20, NE i, 
i NE ^
T-79N, R-6W, 
section 36, W 
SW i 
T-aON, R-18W, 
section 32, NW -I*, 
NE i 
T-68N, R-26W, 
section 25, SW 
NE i 
T-BBW, R-26W 
section 25, NE 
NE i 
T-6BN, R~26W 
section 24, SE -y, 
4 NE -
T-74K, R-.15W, 
section 19, SW 
NW i 
65 
691 
6 
1 
652 
69 
725 
69 
742 
69 
765 
137 
150 
E 
N 
N 
SE 
SE 
N 
WNW 
W 
W 
W 
17 
21 
24 
18 
24 
12 
12 
16 
20 
15 
24 
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Table 20 • (Continued) 
Slope 
no» 
No. of 
plots/ 
slope 
County Township 
and section 
Highway 
and 
station 
Aspect Depth 
55 3 Mahaska T-74N, R-15W, 
.sectiou 19, NVI 
WW i 
2 4 » 
157 
155 
W 13 
54 5 Mahaska T-74N, n~15W, 
section 18, SVi 
SVfl it 
A 
4# 
137 
163 
w 14 
55 16 Monona T-84N, R-44W, 
section 36, NE 
SE-lIE i 
i 4# 
PM^ NW 14 
Parm-to-niarket road* 
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Table 21. Summary of morphological and'textural descriptions 
of soil materials on 241 plots on 55 highway back-
alopes in Iowa 
Plot 
no.^ 
Location 
of plot^ 
Typo of 
soil ma­
terial 
Textural 
Color 
Particle size 
distribution 
class Sand Silt Clay 
1-1 
1-2 
1-3 
1-4 
17/25 
17/25 
24/25 
5/25 
2 
6 
2 
2 
2. 5Y5/6 
2.5Y6/4 
2.5Y5/4 
5Y4/2 
(5Y7/4) 
W {%) i%) 
si 49.8 27.0 23.2 
sil 30 . 6 57 . 0 12.4 
1 48.2 28.0 23.8 
1 45.8 43.0 11.2 
®-Plrst flgiore refers to backslope number, second fif^re 
represents number of plot on each slope. 
First figure represents vertical distance in feet be­
tween center of plot and tojj of exposure, second figure 
gives total vertical depth of exposure. 
( 2 )  
(3) 
(4) 
(7) 
(B) 
(9) 
^The following notations were used; 
(1) Unoxidized and calcareous Kansan or Nebraskan till 
Oxidized and calcareous Kansan or Nebraskan till 
Oxidized and leached Kansan or Nebraskan till 
(3a) Perretto zone 
Deoxidized and leached Kansan or Nebraskan till 
(4a) Gurabotil 
(5) Fossil Ag horizon in Kansan till 
(6) Oalcareoua Wisconsin loess 
Leached Wisconsin loess 
Subsoil (Bg horizon) of present loess-derived sur-
ficlal soil 
Sandy colluvium in till 
(10) Water reworked sand and gravel of glacial origin 
(11) Sand 
(12) Shale 
^Color notations (of moist soils only) determined by com­
parison with Miinsell Soil Color Charts. Notations in 
parentheses refer to color of mottling. 
^According to Soil Svxrvey Manual (56, p. 209), The fol­
lowing abbreviations were used: 
s = sand cl = clay loam 
Is = loamy sand scl = sandy clay loam 
si = sandy loam sicl = allty clay loam 
1 = loam so = sandy clay 
si = silt sic = silty clay 
all = ailt loam c = clay 
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Tablo 21. (Continued) 
Plot 
no. 
Location 
'J.'ype of 
soil ma­
terial 
2-1 
2-2 
2-3 
8/8 
6/8 
2/8 
9 
10 
6 
3-0 5/10 6 
4-1 
4-2 
-/18 
-/18 
1 
1 
4-3 -/18 2 
4-4 -/18 4 
4-5 -/18 2 
4-6 -/la 2 
5-1 
5-2 
5-3 
8/10 
5/10 
4/10 
0 
10 
10 
7 
6-1 10/25 1 
6-2 3/25 6 
7-1 
7-2 
7-3 
7-4 
26/30 
20/30 
7/30 
3/30 
10 
1 
2 
2 
8-1 
8—2 
4/5 
4/5 
7 
7 
9-1 
9-2 
8/10 
3/10 
6 
6 
10-1 
10-2 
27/33 
13/33 
1 
1 
10-3 7/33 2 
Color 
Particle size 
Textural distribution 
clasa Sand Silt Clay 
^ m 
58.6 32.0 9.4 
75.8 19.0 5.2 
13.0 67,2 19.8 
14,6 67.6 17.8 
5?£5/4 
2.5Y5/4 
2.5Y5/4 
5Y5/3 
(10YR6/8) 
5Y3/2 
2.5Y4/2 
(7.5YR4/4) 
2.5Y6/6 
(2.5Y7/2) 
5Y6/2 
(10YR6/6) 
10YR5/8 
(5Ya/l) 
2.5Y5/4 
10YR3/2 
10YR4/2 
10YR4/3 
5Y3/1 
(2.5Y4/6) 
10YR5/4 
10YR5/3 
5Y3/2 
5Y6/4 
5Y5/1 
(2.5Y7/6) 
5Y5/4 
2.5Y4/4 
5Y6/4 
5Y6/4 
10YR2/1.5 
10YR3/1,5 
(5Y5/1) 
10YR4/5 
(5Y7/2) 
al 
Is 
ail 
all 
1 
cl 
cl 
cl 
cl 
1 
la 
s 
sil 
cl 
ail 
al 
1 
si 
al 
sil 
ail 
sil 
ail 
1 
cl 
cl 
37.6 
33.6 
41.6 
33.0 
35.6 
47.0 
76.2 
98.8 
30.6 
39.0 
35.6 
20.0 
30.2 
30.6 
37.0 
20.4 
1.0 
54.6 
23,4 
30.8 
38.4 
36,8 
33.8 
16.0 
3.4 
0.2 
14.8 
38.0 26.0 36.0 
22.0 63,6 14.4 
57.6 28.8 13.6 
37.6 35.2 27.2 
66.6 20.0 13.4 
66.2 22.8 11.0 
16,2 65.4 18.4 
16.4 64.8 18,8 
18.6 74.4 7,0 
26.2 70.0 3.8 
44.2 37.2 18.6 
40.2 31.8 28.0 
43.2 24.6 32.2 
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Table 21. (Continued) 
Plot 
no • 
Location 
of plot 
Type of 
soil ma­
terial Color 
Particle size 
Textural dlatrlbutlon 
claaa Sand Silt Clay 
Wi 
1 2 . 2  7 2 . 4  
16»2  66 .8  
13.2 61.2 
12.2 69.6 
11,2 71.4 
12.2 62.0 
15,2 59.0 
11.2 70.4 
11.8 72.2 
W 
15,4 
17.0 
25.6 
18.2 
17.4 
25.8 
25.8 
18.4 
16.0 
11-1 
11-2 3/10 7 
11-3 1/10 7 
12-1 
12-2 
9/12 
7/12 
6 
7 
12-3 
12-4 
3/12 
2/12 
7 
7 
13-1 
13-2 
9/12 
2/12 
7 
7 
14-1 
14-2 
-/23 
-/23 
3 
7 
15-1 
15-2 
12/17 
7/17 
2 
4 
15-3 
15-4 
5/17 
2/17 
4 
7 
16-1 
16-2 
16-3 
16/18 
14/18 
9/18 
9 
10 
2 
16-4 6/18 3a 
16-5 3/18 7 
17-1 
17-2 
7/15 
3/15 
2 
4a 
17-3 1/15 7 
18-1 14/10 3 
10-2 
10-3 
8/18 
4/18 
3a 
7 
5Y6/2 all 
(10YR6/8) 
5Y6/2 ail 
(2.5Y7/4) 
2,5Y6/4 ail 
2.5Y5.5/2 ail 
5Y6/2 all 
(2.5Y7/4) 
2.5Y4/4 sil 
10YR4/3 ail 
lOYTi.6/4 all 
10YR5/4 sil 
(10YR7/2) 
10YK5/3.5 cl 
2,5Y5/4 sil 
10YR4/3 cl 
10YI14/3 c 
(10YR7/8) 
5Y7/1 c 
10Y]-<5/4 ail 
10yi^5/3 la 
5Y6/3 al 
10Yn5/6 cl 
(5Y7/2) 
10YIt5/4 ol 
(2.5Yn3/6) 
(lOYn8/2) 
5Y5/4 all 
10YI{5/4 ol 
2.5Y5/4 c 
(10YR6/4) 
10YR5/4 aid 
10YR5/8 cl 
(5y7/3) 
10YTi5/4 c 
5Y6/3 all 
(10YR6/8) 
30.6 33.0 36,4 
12.2 72.0 15.8 
42.2 26.6 31,2 
25.6 33.0 41.4 
25.2 26,6 48,2 
23.2 52.4 24.4 
81.6 9.7 8,7 
57.8 36,0 6,2 
42.6 28,0 29.4 
35.6 34,2 30,2 
13.2 63.6 23.2 
34.2 32.0 33,8 
20,0 30,8 49,2 
13.6 58,6 27,8 
42,4 27,8 29.8 
16,6 39,2 44,2 
13,6 63,0 23,4 
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Table gi, (Continued) 
^ype~of" 
Plot Location soil tna-
no. of plot terlal Color 
Textural 
claas 
Particle size 
distribution 
Sand Gilt Clay 
ij) w 
45.2 22.6 32.2 
27.6 32.6 39,8 
21.6 39,2 39.2 
42.6 31.2 26,2 
36,2 29,6 34,2 
41,4 42,4 16.2 
17.6 69.2 13,2 
88.1 8,8 3,1 
93,8 3.3 2.9 
84.2 10.0 5.8 
46.4 40,4 13.2 
40,0 34,2 25,8 
29.4 61,6 9,0 
24,4 32,8 42,8 
16,8 33.0 50.2 
10.6 53.4 36,0 
19.6 30.4 50.0 
18.8 54.6 26.6 
16.0 5o.2 30.8 
16,2 29,8 54.0 
24.2 48.4 27,4 
12.6 60.2 27.2 
13.4 55.6 31.0 
19-1 
19-2 
18/22 
15/2J 
19-3 12/23 7 
K
) C
O 
0
 O
 
1
 
1 
CO
 f
-'
 
23/30 
18/30 
2 
4a 
20-3 
20-4 
17/30 
12/30 
5 
6 
21-1 
21-2 
21-3 
16/20 
10/20 
7/20 
11 
11 
11 
22-1 12/17 3 
22-2 9/17 3a 
22-3 6/17 6 
23-1 
23-2 
6/7 
4/7 
3 
4a 
23-3 2/7 7 
24-1 7/8 4a 
24-2 
24-3 
3/8 
1/8 
7 
8 
25-Al 7/9 4a 
25-A2 4/9 5 
25-A3 3/9 8 
25-A4 8/9 7 
5Y6/2 acl 
(10YR7/8) 
10Yri5/8 el 
(5Y7/3) 
5Y4/l cl 
(2.5Y7/4) 
2.5Y5/6 1 
10TO2/2 cl 
(2,5Y7/2) 
2.5Y6/4 1 
2.5Y5/6 ail 
2*5Y4/4 3 
2.5Y5/4 3 
10YR4/4 l3 
7.5YR5/8 1 
(5Y7/3) 
(2,5Y7/4) 
10YR5/8 1 
{5Y7/3) 
2.5Y6/6 3ll 
10YR4/4 c 
5Y6/1 c 
(5YE5/B) 
10YR4/3 3 id 
(2.5Y7/8) 
5Y7/1 c 
(7.5yR5/7) 
2.5Y6/3 all 
10YR4.5/3.5 aid 
5Y6/2 c 
(2.5YR4/6) 
10yR4/4 cl 
(5Y7/2) 
10YR5/6 aid 
(5Y8/2) 
10YR4/4 aid 
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Table 21• (Continued) 
ijiypg 
Plot Location soil ma-
no« of plot tei'lal Goloi" 
Textural 
class 
Particle size 
distribution 
Sand Silt Clay 
ijr~Xfor~W' 
47,0 26,0 27.0 
26.8 24.4 48.8 
29.8 33.6 36,6 
16,0 56.2 27,8 
32.4 22.0 45.6 
34.4 32.6 33,0 
17«6 55.8 26,6 
6.0 58.2 35.8 
13.0 62.6 24,4 
41,2 29 e4 29,4 
15.8 60.8 23,4 
27.6 28.4 44.0 
11,6 56,6 31,8 
4,2 59,4 3 6 , 4  
39,6 29,4 31,0 
13,2 71,0 15,8 
14,0 66,8 19,2 
10,6 59,6 29,8 
11,0 52,0 37,0 
11,6 32,8 55,6 
10,6 52,0 37,4 
33,2 33.8 33,0 
18,8 30,8 50,4 
22,6 44,0 33,4 
54,0 20.0 26.0 
36,4 28,4 35,2 
41,0 35.0 24,0 
25-B1 C/15 2 
25-B2 5/13 3 
25-B3 4/13 5 
25-B4 1/13 • 7 
25~C1 5/12 3a 
25-02 
25-03 
25-04 
25-05 
4/12 
3/12 
2/12 
1/12 
5 
7 
8 
7 
26-1 
26-2 
17/23 
11/23 
3 
7 
27-1 9/10 3a 
27-2 
27-3 
5/10 
2/10 
7 
8 
28-1 14/15 4a 
28-2 
28-3 
28-4 
28-5 
10/15 
4/15 
2/15 
1/15 
6 
6 
7 
7 
29-1 9/12 4a 
29-2 1/12 4 
30-1 
30-2 
8/12 
3/12 
3 
4a 
30-3 1/12 8 
31-1 8/13 6 
31-2 
51-3 
3/13 
1/13 
5a 
7 
5Y6/5 sol 
(10YR6/8) 
10TO6/6 c 
(5Y6/S) 
2.5Y5/6 el 
(5Y7/2) 
10YK4/4 sicl 
7.5Yr{5/8 c 
(5Y6/2) 
2.5Y5/6 cl 
10YR5/6 sil 
10YT{5/6 sicl 
2w5Y3/2 all 
7«5YR.y8 cl 
10YR5/6 ail 
10YK4/4 c 
(2.5YR4/8) 
10YR5/4 aid 
10Tm5/4 aid 
2.5Y5/4 cl 
(2.5YIi4/4) 
2,5Y5/4 all 
2,5Y5/4 ail 
10YR5/6 sicl 
10YR5/4 aid 
5Y6/2 c 
(10YF{6/8) 
2.5Y5/2 sicl 
(7,5Y1^6/8) 
10YR4/2 cl 
2.5Y7/2 c 
(10YR7/B) 
2,5Y5/2 cl 
10YR5/4 gd 
(10Y1^5/8) 
7,5:ffl5/6 cl 
10Yli5/6 1 
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Table 21* (Continued) 
Type of 
Plot Location aoil ma-
no» of plot terlal Color 
Textural 
claaa 
Particle size 
distribution 
Sand Silt Clay 
{%) i'}o) {%) 
32-Al 
32-A2 
32-A3 
32-A4 
32-Bl 
32-B2 
32-B3 
33-1 
33-2 
33-3 
33-4 
33-5 
33-6 
34-A1 
34-A2 
34-A3 
34-Bl 
30/88 
26/33 
23/33 
15/33 
11/53 
4/33 
13/17 
7/17 
3/17 
8/12 
4a 
4a 
7 
8 
4a 
7 
8 
1 
1 
1 
2 
0 
3 
1 
4a 
4a 
34-B2 4/12 3 
34-B3 2/12 3a 
35-1 8/13 3 
35-2 3/13 3a 
35-3 1/13 8 
2.5Y6/2 
(10YR7/8) 
3.5YR5/4 
(10ffi8/2) 
2.5Y6/2 
(10YK6/6) 
10YR4/2 
5Y6/2 
(5YR5/6) 
2.5Y5/2 
10YR4/3.5 
hYb/Z 
5Y4/2 
(2.5Y7/6) 
5Y5/2 
(5YI'{4/B) 
2.5Y6/6 
(10YR6/8) 
2.5Y7/4 
(2.5Y6/4) 
10YR4/4 
5Y3/2 
(5Y4/3) 
5Y3/2 
2,5Y5/4 
(7.5YR5/6) 
2.5Y6/8 
(101K8/2) 
(10Y]"i6/8) 
10Y1^5/6 
(2.5Y7/2) 
7.5Y1H5/5 
5Y5/3 
(2.5Y4/2) 
2,5Y5/6 
(5Y1^5/8) 
lOYB.5/3 
c 12. B 34.B 58.4 
c 5.8 37.2 57.0 
ail 11.8 61.4 26.8 
aid 10.0 55.6 34.4 
c 6.6 38.0 55.4 
all 
aid 
12.4 
11.2 
64.2 
55.2 
23.4 
33.6 
cl 
cl 
28.8 
42.4 
32.8 
27.6 
38.4 
30.0 
cl 40.8 30.2 29.0 
acl 53,0 23.2 23.8 
1 45.0 29.2 25.8 
1 49.8 32.2 18.0 
cl 35.8 36.8 27,4 
cl 
c 
31.4 
28.8 
39.4 
28.2 
29.2 
43,0 
cl 40.0 28.8 51,2 
0 31.2 25.8 43.0 
ac 46.0 12.8 41.2 
aid 15.8 53.0 31.2 
cl 27,8 33,2 39.0 
ale 3.0 56.8 40.2 
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Table 21, (Continued) 
•j'ype of 
Flot Location soil ma-
no. of plot _ tcri_al_ 
36-1 
36-2 
7/13 
5/15 
3 
5a 
iH
 1 38/45 1 
57-2 
37-5 
54/45 
26/43 
1 
1 
57-4 15/43 1 
37-5 3/45 4a 
37-6 2/45 3a 
37-7 1/43 4a 
58-1 
58-2 
51/59 
11/59 
2 
2 
38-5 6/59 4a 
38-4 2/59 5 
39-1 
59-2 
12/16 
8/16 
5 
4a 
59-3 
59-4 
6/16 
1/16 
5 
7 
40-1 
40-2 
12/15 
7/15 
3 
5a 
to 1 
i 
0
 0
 
5/15 
1/15 
5 
7 
41-1 2 
Color 
lartlole size 
Textural distribution 
class Sand Silt Clay 
IWi'/o) i%) 
50.4 26.6 13.0 
56.8 14.6 S8.6 
35.2 53,6 51,2 
32.4 54.4 35.2 
39.0 30.2 30,8 
59,8 50.6 89,6 
58.4 53.8 27,8 
67.8 12.0 20,2 
51.6 21,0 47.4 
38.2 28,0 35.8 
55,2 26,2 40,6 
56,0 25.6 40.4 
44.6 55.4 20.0 
50.8 25.6 25.6 
55.8 25.0 41.2 
44.8 59.6 15,6 
12,0 47.8 40,2 
42,4 55.8 25,8 
40.4 22.0 57.6 
46.6 59.8 15.6 
9.2 54,8 36,0 
48.4 24,2 27,4 
52,0 26,4 41,6 
58,6 38,0 25.4 
41-2 
41-5 
4a 
7 
10YK4/4 si 
2.5Y6/4 acl 
(5YB5/8) 
5Y5/2 cl 
(2.5Y7/8) 
5Y3/2 cl 
5Y6/2 cl 
(10YH6/8) 
2.5Y6/2 cl 
(2.5Y7/6) 
2.5Y6/2 cl 
(10YR5/8) 
5Y6/5 3cl 
(10YR6/8) 
5Y6/3 c 
(10YR5/6) 
10TO5/3 cl 
l,5Y6/5 c 
(2.5Y6/6) 
10Yli5/8 c 
(5Y7/2) 
2.5Y6/2 1 
(10YR7/6) 
10YTi5/6 acl 
2.5Y6/2 c (10YR6/8) 
2,5Y6/4 1 
5Y4/2 sic (7.5Yr-{7/a) 
10Yri5/6 1 
5Y6/3 cl 
(5YR5/6) 
5Y6/3 1 
5Y5/4 3 id 
10Y1^5/4 acl 
(10Yr<6/6) 
5Y6/3 c 
(7.5YR6/8) 
2.5Y3/2 1 
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Table 21. (Continued) 
I'ype of 
Plot Location soil ma' 
no, of plot terial 
ro
 f H
 
-/14 4 
42-2 -/17 4a 
42-3 •./17 8 
Particle size 
Textural distribution 
claaa Color 
(/o) (?») ^fo) 
36*6 34.0 29,4 
34,4 25.6 40.0 
17.8 37.4 44,8 
37.6 18,0 44,4 43-1 16/21 2 
43-2 
43-3 
11/21 
6/21 
3 
3 
43-4 
43-5 
43-6 
4/21 
3/21 
1/21 
3a 
5 
7 
44-1 
44-2 
44-3 
20/24 
14/24 
11/24 
2 
3 
3a 
44-4 
44-5 
9/24 
1/24 
5 
7 
45-1 
45-2 
17/18 
18/18 
1 
1 
45-3 
45-4 
45-5 
45-6 
6/18 
4/I8 
1/18 
8/18 
3 
3a 
5 
3a 
45-7 5/18 7 
4.6-0 25/24 2 
46-1 19/24 3a 
46-2 
46-3 
46-4 
16/24 
9/24 
1/24 
7 
6 
7 
5X6/2 
(10YR6/8) 
5Y7/3 
(10TO6/6) 
2 ,5Y6/2 
(10YR6/8) 
10YR5/8 
(5Y7/2) 
10YI^4/4 
5YR4/8 
(10YR5/8) 
tm mm 
2.5Y4/4 
10YR4/4 
10X[l5/8 
10yR5/4 
10YI{5/6 
(2.5Y1?4/S) 
10yii4/4 
10YK4/4 
2.5Y3/0 
5Y6/4 
(5Y7/2) 
10YK5/8 
10Y}^5/8 
10YR5/6 
7.5YR5/3 
(5Y7/3) 
lOYI-13/2 
2.5Y6/6 
(lOYR6/a) 
10Y1J6/8 
(5YR4/8) 
10YI14/4 
10YR5/6 
5Y6/4 
(7.5YR5/8) 
cl 
o  
c 
cl 
cl 
c l  
1 
a i l  
al 
1 
a c l  
1 
a l l  
1 
cl 
a l  
a c l  
1 
a l  
a i l  
a c l  
a c l  
1 
a l l  
a i d  
40.2 
41,0 
40,0 
41,2 
10,8 
57,0 
46,0 
47,4 
31,0 
10,8 
4o ,4 
40,8 
53,2 
50,2 
45,0 
69,6 
36.2 
50,4 
53,6 
40,6 
15,6 
12.6 
28,2 
31,0 
22.2 
33.6 
65.0 
23,8 
30,4 
24,8 
45,0 
69,0 
37,6 
29,6 
27,8 
23,8 
41.0 
20,0 
50,0 
24,2 
20,4 
44.2 
68,6 
58,2 
31,6 
28,0 
37,8 
25,2 
24,2 
19,2 
23,6 
27,8 
24,0 
20.2 
19,0 
29,6 
19,0 
26.0 
14,0 
10.4 
13,8 
25,4 
26,0 
15,8 
15.8 
29,2 
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•J'ablo 21« (Continued) 
Type of 
Plot Location soil ma-
no » of plot torlal Color 
Particle alae 
T Gxtur al distribution 
claaa Clay 
30.6 44.4 25.0 
38.4 26.2 35.4 
37.8 42.8 19.4 
10.6 72.0 17.4 
13.6 59.0 27.4 
28.6 32.4 39.0 
14.0 68.2 17.8 
34.0 32.8 33.2 
23.4 53.2 23.4 
28.6 37.8 33.6 
20.2 34.6 45.2 
11.8 49.0 39.2 
43.2 23.0 33.8 
42.4 25.8 31,8 
40.4 24.0 35.6 
40.8 24.8 34.4 
39.8 24.4 35,8 
40.4 24.6 35.0 
42.4 23.4 34.2 
41.6 25.0 33,4 
41,4 23,6 35,0 
41,0 24,0 35,0 
39,8 23,6 36,6 
41,0 23,6 35,4 
42.4 22.6 35.0 
47-1 
47-2 
11/12 
10/12 
2 
3a 
47-3 
47-4 
47-5 
8/12 
6/12 
2/12 
6 
6 
7 
48-Al 11/12 4a 
48-A2 
48-B1 
5/12 
11/12 
6 
4a 
48-B2 
48-Cl 
5/12 
10/12 
7 
4 
48-02 
48—03 
4/12 
1/12 
4a 
6 
49-1 14/16 2 
49-2 
49-3 
14/16 
12/16 
2 
2 
49-4 12/16 2 
49—5 11/16 2 
49-6 11/16 2 
49-7 10/16 2 
49-8 10/16 2 
49 —A 14/16 1 
49-B 
49-C 
6/16 
3/16 
2 
2 
50-1 17/20 2 
50-2 17/20 2 
10Ylv5/6 1 
7. bra 5/6 cl 
(2.5YR4/8) 
10YR5/4 1 
2.5Y4/4 all 
10YR3/2 aid 
(10YR6/4) 
5Y7/3 cl 
(7.5yR6/8) 
10YFt5/6 all 
5Y6/3 cl 
(10YR6/8) 
2,5Y4/4 all 
5Y6/3 cl 
(10YI"(6/8) 
2,5Y5/2 c 
2.5Y5/4 aid 
10TO5/8 cl 
(5Y7/2) 
10Y115/8 cl 
10YR5/8 cl 
(5^7/2) 
10YR5/8 cl 
(517/2) 
10YR5/8 cl 
(5Y7/2) 
10Y}i5/8 cl 
(5Y7/2) 
10YR5/8 cl 
(5Y7/2) 
10Yl^5/8 cl 
(5Y7/2) 
5Y5/3 cl 
(5Y6/1) 
2 , 5Y6/4 cl 
cl 
10YE5/4 cl 
(10YR6/6) 
10YR5/4 cl 
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Table 21# (Continued) 
Plot 
no« 
Typo of 
Location aoil ma-
of plot torial Color 
Pai'tlclo aizQ 
Toxtural diatributIon 
clgas Sand' Silt Clay 
{p) C%) t / j) 
42.0 24.6 35.4 
39.2 25.6 35.2 
41.6 24,4 34.0 
40.0 22.8 37.2 
45.8 24,4 29.8 
39,0 23.8 37.2 
41,4 25,6 33.0 
42.0 25,8 52.2 
50 . 6 21.4 28,0 
20,2 44,0 55,8 
20,2 37.8 42,0 
30.8 27.6 41.6 
8.0 66.4 25,6 
9,4 55,0 35,6 
16,8 39,8 43,4 
10,2 46.4 43.4 
9.8 57 , 0 33,2 
9,6 36.4 54.0 
8,4 34.0 57.6 
16,2 34.6 49,2 
20,2 51,6 28,2 
16,2 64,2 19,6 
51-1 
51-2 
51-3 
9/15 
3/15 
9/15 
O 
2 
51-4 3/15 2 
51-5 13/15 2 
51-6 5/15 3 
51-7 9/15 2 
51-8 9/15 2 
52-1 
52-2 
52-3 
52-4 
22/24 
22/24 
18/24 
12/24 
12 
12 
3 
3a 
52-5 
52-6 
7/24 
1/24 
7 
a 
53-1 12/13 3a 
53-2 
53-5 
7/13 
1/13 
7 
8 
54-1 
54-2 
54-3 
54-4 
54-5 
13/14 
7/14 
4/14 
2/14 
1/14 
12 
12 
3 a 
5 
7 
2,5iG/4 
C 2,5Y6/4 to 
10YR5/4-6 
(10YR6/8) 
2.5Y6/4 to 
10YR5/4-6 
(10YR6/8) 
2.5Y6/4 to 
10YH5/4-6 
(10YK6/8) 
2.5Y6/4 to 
lOYli 5/4-6 
(10YR6/8) 
2,5Y6/4 to 
10YR5/4-6 
(10Y1^6/8) 
5Y7/3 
(10YR6/8) 
5Y7/3 
10YR5/8 
10YR5/2.5 
10YR5/4 
10Y1H5/8 
(2.5Y3/0) 
10YR5/3 
lOYIi4/3,5 
(2.5Y8/2) 
(10YR7/3) 
7.5YR4/4 
(7.5YR2/0) 
(7,5YR4/2) 
10YT^5/4 
2,5Y6/2 
(10YR7/a) 
5Y5/4 
l0Yli4/2 
5Y1U/4 
10YR5/4 
10YR3/2 
cl 
cl 
cl 
cl 
sol 
cl 
cl 
cl 
3Cl 
Cl 
c 
0 
ail 
aid 
aic 
ale 
c 
c 
c 
cl 
ail 
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Table 21. (Continued) 
Plot 
no • 
Location 
of plot 
Type of 
3oll ma­
terial Color 
Textural 
class 
Particle siae 
distribution 
Sand Silt Clay 
(/3) • iW 
55-1 
55-2 
55-3 
55-4 
55-5 
55-6 
55-7 
55-8 
55-9 
55-10 
55-11 
55-12 
55-13 
55-14 
55-15 
55-16 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
10/14 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
2.5X4/4 
2.5Y4/4 
2.5Y4/4 
2,5Y4/4 
2.5Y4/4 
2.5Y4/4 
2 .5Y4/4 
2.5Y4/4 
2.5Y4/4 
2.5Y4/4 
2.5Y4/4 
2,5Y4/4 
2.5Y4/4 
2,5Y4/4 
2.5Y4/4 
2,5Y4/4 
si 
ail 
all 
ail 
all 
ail 
ail 
ail 
ail 
all 
ail 
ail 
ail 
ail 
ail 
all 
13.2 
16,0 
17.0 
18.0 
16.6 
18.0 
16.4 
14.8 
15.8 
17.0 
16.0 
17.2 
17.6 
18.0 
18.0 
18.0 
80.2 
77.4 
75.2 
75.2 
76.2 
75.6 
76.4 
78.4 
76.6 
76.0 
74.8 
76.2 
76.2 
76.8 
76.4 
75.0 
6»6 
6 .6  
7.8 
6.8 
7,2 
6,4 
7.2 
6.8 
7.6 
7.0 
9.2 
6,6 
6.2 
5.2 
5,6 
7.0 
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Table 22. Summary of somo physical characteristics of soil 
materials on 241 plots on 55 highway backslope a In 
Iowa 
Aggre­
gates 
mean Water content Porosity 
Plot 
no.®" 
diam­
eter 
Volume 
we lp:ht w.p,^ M.E.® 
M . E . — 
W.P, Total 
Aera­
tion 
Capil' 
lary 
(mm) (gr/cc) V/o) w m (%) 
1-1 .870 1.57 7.7 18.4 10.7 38.0 13.2 24.8 
1-2 .006 10 40 5.4 21.4 16.0 42.3 9.2 33.1 
1-3 .870 1.63 7.8 22.8 15,0 36.0 11,2 24,8 
1-4 1.83 1.38 5.9 19,8 13.9 42,0 14.4 27.6 
2-1 .173 1.54 4.6 12.4 7.8 37.4 9,2 28.2 
2-2 .345 1.85 3.3 9.0 5.7 25,0 18,1 6.9 
2-3 .070 1.30 11,4 27.0 15.6 48.6 8,6 40.0 
3-0 .009 1.31 12.8 28.0 15.2 47 .8 12.6 35.2 
4-1 1.95 1.54 12.3 22.4 10.1 40.3 10,4 29.9 
4-2 1.13 1.51 12.9 23.5 10.6 40.3 10,1 30.2 
4-3 1.08 1.45 12.3 23.6 11.3 41.1 10,9 30.2 
4-4 1.08 1.49 13.7 24.6 10.9 44.3 13,5 30.8 
4—5 .510 1.62 11.4 22.1 10.7 40.3 10,1 30.2 
4-6 .605 1.42 11.3 19.4 8.1 45.2 15,0 30.2 
5-1 .483 1.73 3.6 6.1 2.5 30.8 21,0 9.8 
5-2 .505 1.74 1. D 1.8 0.3 25.6 21,6 4.0 
5-3 .970 1.24 12.4 23.4 11.0 48.3 15,0 33.3 
6-1 1.51 1.51 12.6 22.6 10.0 42.6 9,8 32.8 
6-2 .140 1.07 10.8 24.2 13.4 52.4 19,6 32,8 
7-1 .310 1.67 6.3 10.5 4.2 30.2 22,4 7,8 
7-2 .530 1.61 12.0 23.1 11.1 36,5 6,6 29,9 
7-3 .241 1.52 6.2 13.8 7.6 36.8 15,8 21,0 
7-4 .351 1.72 6.3 11.6 5.3 37.1 5,2 31,9 
8-1 .720 1.06 15.1 28.2 13.1 53.8 19.8 34,0 
8-2 .770 1.09 15.2 25.5 10.3 55.2 20.7 34,5 
^Flrst figure refers to backslope number, second figure 
represents number of plot on each slope. 
Percentage water at wilting point. 
'^Percentage water at moisture equivalent. 
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Table 22• (Continued) 
Aggre­
gates 
me an VJater content Porosity 
Plot diam­ Volume M.E;.- Aera­ Gapil' 
no. eter weiffht yj.p. M.E. w.p. Total tion lary 
(mm) (gr/cc) (%) i v° )  Kh W 
9-1 .007 1.35 6.1 17,3 11.2 51.5 7,5 44,0 
9-2 .001 1.30 5.2 11,7 6.5 55.8 11.2 44,6 
10-1 .378 1.63 8.1 16.4 8.3 42.3 11,8 30.5 
10-2 2.19 1.45 11.7 21.1 9.4 47.8 14,4 33.4 
10-3 1.23 1.56 11.1 21.5 10.4 44.9 10,6 34.3 
11-1 •006 1.24 12 .2 31.4 19.2 54.7 6,6 48.1 
11-2 .680 1.17 16.8 26.7 9.9 53.2 16,7 36.5 
11-3 .490 1. o2 17,9 31.5 13,6 55.8 14,7 41,1 
12-1 .024 1.37 11,4 30,8 19,4 51,8 7,5 44.3 
12-2 .022 1.29 10,9 28.3 17,4 53,8 4,6 49,2 
12-3 .233 1.18 14,3 27.0 12,7 53,8 15,2 38,6 
12-4 .650 1.30 18,6 28,1 9.5 54,7 15,2 39,5 
13-1 .095 1.32 13,8 26.7 12.9 51,2 9,5 41,7 
13-2 .006 1.37 11.0 30,6 19,6 51,8 5.5 46,3 
14-1 ,268 1.41 18.2 29,7 11,5 47,5 5,2 42.3 
14-2 .001 1.36 11,2 29,8 18,6 49,8 8,3 41,5 
15-1 5.20 1.49 12.1 22,7 10.6 46.0 9,5 36,5 
15-2 2.65 1.22 17.5 33,3 15.8 49.2 12,4 36,8 
15-3 .370 1,30 19.3 35,3 16.0 60,1 12,9 57,2 
15-4 1.00 1.38 10.6 25,6 15.0 46,0 10,6 35,4 
16-1 .267 1.48 4.6 9,6 5.0 42,9 23.0 19,9 
16-2 .255 1,64 3.4 8,5 5.1 36,0 12.1 23,9 
16-3 1.35 1,60 8,9 19.4 10.5 42.9 10,6 32,3 
16-4 1.90 1,62 12.3 24,0 11.7 44,0 7.8 36,2 
16-5 .063 1.28 10.1 26.4 16.3 50,6 12.9 37,7 
17-1 .310 1.56 12,7 24.3 11.6 44.6 11.5 33,1 
17-2 .420 1.39 20.6 41.0 20.4 60.4 3.7 56,7 
17-3 1.13 1.19 14.2 30,2 16.0 53,8 17.8 36,0 
18-1 1.03 1.63 9.8 21.4 11.6 44.9 11.5 33.4 
18-2 .405 1.25 23.7 40.4 16.7 54.7 11.2 43.5 
18-3 .024 1.33 14.1 27.5 13.4 52.1 8.9 43.2 
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Table 22. (Continued) 
Aggre­
gates 
moan Vv'ater content loroaity 
Plot 
no • 
diam­
eter 
Volume 
weight W.P. M.E. 
M.E.-
W.P, Total 
Aera­
tion 
Capil 
lary 
(ram) (srAo) (A) ()!i) W 
19-1 .281 1.55 10.6 22.5 11.9 40,0 2.3 37 .7 
19-2 .660 1.36 19.5 32.9 13.4 46,9 5.2 41.7 
19-3 .405 1.38 14.3 31.4 16.5 42,9 6.9 36,0 
20-1 .187 1.73 8.7 19.7 11,0 38,0 6.6 31,4 
20-2 .2B8 1.55 16.0 ol. 1 15.1 45.5 9,5 36,0 
20-3 .058 1.52 4.5 17.3 12.8 37 .1 9.2 27,9 
20-4 .001 1,30 7.0 19.0 12.0 52.9 12.1 40,8 
21-1 .164 1.57 2.0 4.1 2.1 35,4 19,8 15,6 
21-2 .170 1,56 1,2 2,2 1.0 36.5 21.3 15.2 
21-3 .112 1.57 2.9 4.9 2.0 38,8 19.8 19.0 
22-1 .190 1.59 6.3 14.0 7.7 44,0 19.0 25.0 
22-2 .17 5 1.50 11.6 21.1 9.5 45,7 8.3 37,4 
22-3 .023 1.47 5.6 15,2 9.6 42,3 7.5 34,8 
23-1 .720 1.28 18.8 27.8 9.0 48,6 12.6 36.0 
23-2 .435 1,34 23.0 39,0 16.0 52,4 3.2 49.2 
23-3 .388 1.33 17.3 29.7 12,4 52,4 12 ,9 39,5 
24-1 .415 1,44 20.7 37,3 16.6 52,1 4.0 48.1 
24-2 .083 1.32 13.6 27,2 13.6 44,9 7.2 37.7 
24-3 .315 1,35 16.6 30,8 14,2 48.3 6.9 41,4 
25-Al .435 1.47 23.9 41.9 18,0 61,6 6,3 55.3 
25-A2 ,080 1,52 8,0 21,4 13,4 44,3 12,1 32.2 
25-A3 .047 1.45 11,2 27.2 16.0 44.0 7,2 36.8 
25-A4 .143 1.37 13.3 29.0 15.7 46.0 8ol 37.9 
25-Bl .278 1.64 10.9 21.5 10.6 44,0 7,5 36.5 
25-B2 .352 1.34 21.9 37.0 15.1 56,4 4.9 51,5 
25-B3 .250 1.61 13 .6 24.7 11,1 39.7 5.5 34.2 
25-B4 2.16 1.28 14.4 25.7 11,3 50.6 13.8 36,8 
25-01 .278 1.48 20.6 34.5 13,9 58,4 7.2 51,2 
25-02 .208 1.61 11,8 22.6 10,8 40,8 5.8 35,0 
25-03 .152 1.34 14,8 27.3 12,5 44.0 7,8 36,2 
25-04 .478 1.32 15.8 28,1 12,3 55.5 14,7 40.8 
25-0 5 .570 1,12 14.9 24 .7 9,8 52.6 18.1 34.5 
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Table 22. (Continued) 
Aggre­
gates 
mean \;atgr content Poroalty 
riot diam­ Volume M.E.— Aera­ Capll 
no. eter wel«ht n.F. Ll.E, y.'.i-. Total tion lary 
(nun) (gr/cc) w (?") 1%) i%) {%) (>) 
26-1 .118 1.54 9.1 18.9 9,8 58.8 8.1 50.7 
26-2 .053 1.28 9.1 24.7 15.6 49.5 8.3 41.2 
27-1 .358 1.28 21.2 37.5 16.3 46.6 4.0 42.6 
27-2 .098 1.46 12.5 25.8 13.3 42.3 1.7 40.6 
27-5 .250 1.43 16.5 29.6 15.3 46.9 4.6 42.3 
23-1 .299 1,50 17.0 29.5 18.5 45.5 6.9 58.6 
28-2 .016 1.18 8,5 27.2 18.7 53.8 16.7 57.1 
28-3 .009 1.37 8.2 21.7 13.5 49.2 11.2 38.0 
28-4 .340 1.52 12.8 25.4 12.6 44.0 5.5 58.5 
20-5 * 545 1.34 15.5 27 .9 12.4 51.8 14.1 37 .7 
29-1 .430 1.41 23,4 53.9 30, 5 51.5 8.6 40,9 
29-2 .290 1.37 16.1 29.5 13.4 50.9 9.2 41.7 
30-1 .425 1.23 13.0 24.8 11.8 48.9 14.1 54.8 
50-2 .250 1.22 24,4 52.7 28.3 57.2 4.0 53.2 
30-3 .540 1.36 11.9 23.5 11.6 44.3 6.3 38.0 
31-1 .680 1.60 7.8 16.2 8.4 58.6 15.2 25.4 
31-2 .352 1.48 15.5 26.5 11.0 46.0 13,8 52.2 
51-3 .460 1.21 8,0 20.8 12.8 54.1 17.3 36.8 
32-Al .650 1.52 19,3 32.9 13.6 52.4 2.6 49.8 
32-A2 .500 1.33 24.7 41,9 17.2 56.1 5.2 52.9 
32-A3 .050 1.38 11.4 27.2 15,8 46.9 7.8 59.1 
32-A4 .364 0.95 17,2 30.1 12.9 58.4 27 .6 50.8 
52-B1 .620 1.10 24,2 40.7 16.5 61. c> 19.0 42,3 
32-B2 .049 1.38 11,0 26.4 15,4 46,9 9.2 57,7 
32-B3 .550 1.09 15,8 30.0 14.2 55.8 23.9 51.9 
33-1 1.07 1.49 13,2 21.8 8.6 19.6 10,1 9.5 
53-2 .500 1.45 9.4 17.3 7.9 18.4 6.0 12.4 
33-3 .330 1.32 9,3 17.3 8.0 52.1 5.8 46.5 
33-4 .378 1,69 7.4 14.6 7.2 15.5 2.6 12.9 
33-5 .240 «*• ca* 9.3 17.2 7.9 
33-6 .720 1.56 12,7 19,0 6.3 H
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Table 22. (Continued) 
Aggre­
gates 
me an V/ater content X-'oroalty 
Plot 
no. 
diam­
eter 
Volume 
weight W.P. M.E. 
M.E,-
W.P. Total 
Aera­
tion 
Capll 
lary 
(mm) (gr/cc) (%) (%) (%) (%) ( . % )  
34-Al .870 1.25 11.8 21.6 9.8 49.8 11.8 38.0 
24-A2 .870 1.49 13.6 23.2 9.6 46.0 5.8 40.2 
34-AS .340 1.44 18.4 28.1 9.7 52.6 5.5 47.1 
34-B1 1.73 1.64 11.6 20.2 8.6 40.8 5.2 35,6 
34-B2 .680 1.51 16.4 25.5 9.1 44.0 5.8 38.2 
34-B 3 .309 1.49 16.8 25.3 8.5 50.6 4.6 46.0 
35-1 1.17 1.18 21.2 28.1 6.9 56.1 19.3 36.8 
35-2 .720 1. o4 20.0 28.2 8.2 50.9 9.5 41.4 
35-3 .218 1.37 16.8 29,4 12.6 52.4 6.0 46.4 
36-1 .183 1.64 6.2 13.5 7.3 38.0 7o5 30.5 
36-2 .290 1.62 12.4 19,7 7.3 38,0 5.8 32.2 
37-1 1.35 1.62 11.1 21.2 10.1 41.1 6.9 34,2 
37-2 .520 1.46 11.1 22.0 10.9 40,3 8.3 32.0 
37-3 .185 1.53 11.9 22.9 11.0 43,4 12.4 31.0 
37-4 .392 1.66 10.7 20.7 10.0 42.0 10.6 31.4 
37-5 .700 1.63 12.8 23.1 10.3 43.2 8.9 34.3 
37-6 .540 1.68 9.9 18.7 8.8 37.7 4.6 33.1 
37-7 .438 1.43 18.3 30.0 11.7 52.1 6.6 45.5 
38-1 .460 1.32 11.2 20.7 9.5 48.0 18.7 29.3 
38-2 .830 1.48 13.6 23.8 10.2 47,5 11.8 35.7 
38-3 .675 1.48 17.1 29.6 12.5 45.2 4.6 40.6 
38-4 .168 1.40 7.2 18.5 11.3 44.0 17.3 26.7 
39-1 .250 1.43 8.4 19.4 11.0 45.2 14.4 30.8 
39-2 .395 1.55 17.0 30.1 13.1 50.1 3.7 46.4 
39-3 .107 1.54 5.1 16.4 11.3 35.1 9.8 25,3 
39-4 1.78 1.14 21.2 32.0 10.8 57.5 20.7 36.8 
40-1 .310 1.46 8.6 18.8 10.2 43.7 14.1 29.6 
40-2 .352 1.51 16.3 28.9 12.6 59.3 8.9 50.4 
40-3 .086 1.68 3.6 12.9 9.3 32.8 7.2 25.6 
40-4 .435 1.23 19.8 34.1 14.3 54.1 14.4 39.7 
41-1 .430 1.72 8.9 18.0 9.1 35.7 6.3 29.4 
43.-2 .340 1.40 16.8 28.2 11.4 47.5 3.2 44.3 
41-3 .300 1.34 11.6 21.1 9.5 46.9 15,0 31.9 
164 
Table 22. (Continued) 
Aggre­
gates 
mean Water content Porosity 
Plot d 1am- Volume M,E.- Aera­ Capll 
no. eter weight w.r. M,E, W.P. Total tion lary 
(trim) (gr/cc) {%) w { % )  (%) i7o) w 
42-1 .308 1.66 10.9 21.1 10.2 38,0 5,5 32,5 
42-2 .532 1.48 16,8 26.8 10.0 41,4 4,6 36,8 
42-3 .300 1.53 20,3 31.9 11,6 44,9 3.7 41,2 
43-1 .570 1.89 11.8 22.2 10.4 14,4 5.2 9,2 
43-2 ,640 1.65 11.2 21.6 10.4 16,4 6.9 9,5 
43-3 .730 1.59 12.7 28.0 15.3 19,8 3.2 16.6 
43-4 .365 1.76 16,3 27.0 10.7 17,3 5.8 11,5 
43-5 .700 1.74 6.5 18.5 12.0 15,8 4.3 11,5 
43-6 .572 1.41 16,4 21.8 5.4 25.0 9.2 15,8 
44-1 .330 1.82 6.9 15,4 8.5 13.8 6.3 7,5 
44—2 .420 1,97 7.8 17.5 9,7 10,1 0.9 9,2 
44-3 .320 1,63 11,5 22,3 10,8 14,1 0,0 14,1 
44—4 ,320 1,58 9,4 22,1 12,7 22,2 2,3 19,9 
44-5 • 320 1,23 14,9 26,9 12,0 23,8 13,8 10,0 
45-1 .330 1,30 9.4 19.1 9.7 39,1 2,9 36,2 
45-2 .286 1,46 9,1 19,4 10,3 40,8 7,2 33,6 
4 5—o .260 1.63 7,2 14,9 7.7 30,8 2,6 28,2 
45-4 .278 1,55 9.9 19,6 9,7 39,7 0,0 39.7 
45-5 .166 1,72 4,8 16.1 11,3 17.3 6,0 11.3 
45-6 .160 1,71 6,4 14.0 7,6 18,7 13,2 5,5 
45-7 • 365 1,46 9,6 20.5 10,9 16.7 1,4 15.3 
46-0 .228 1,45 9.7 19.7 10,0 47,5 16.7 30.8 
46-1 .408 1,52 12,0 21.1 9.1 41,4 9.2 32,2 
46-2 .133 1,37 6,3 19,4 13.1 48,3 17.5 30,8 
46-3 .021 1,35 9.6 23,9 14.3 47,5 9.2 38.3 
46-4 .260 1.39 16.2 28.5 12.3 49,8 9.9 39,9 
47-1 .160 1,51 10.0 22.0 12.0 46,0 12,1 33,9 
47-2 .455 1,45 18.6 29.8 11.2 46,3 5,8 40,5 
47-3 .177 1,56 7,1 19.3 12,2 38,8 10,4 28,4 
47-4 .062 1,40 11.2 25.5 14,3 48,6 10,1 38,5 
47-5 .460 1.31 16.2 24,9 8,7 48,9 14,4 34,5 
40-Al .292 1.32 21,0 31,8 10,8 55,6 4,4 51,2 
'la-AS .004 1,24 IS.O 26.5 14,3 55.8 14,1 41,7 
40-D1 .302 1,75 15,2 26,1 10.9 17,8 5,8 12,0 
48-T32 .085 1,63 11,1 22,4 11,3 17,0 0,0 17,0 
165 
Table 22» (Continued) 
Aggre­
gates 
mean V^ater content Poroaity 
Plot diam­ Volume M.E .- Aera­ Capil 
no • eter weifdit w.p. M.E. V/.P. Total tion lary 
(mm) Cgr/cc) {%) ( % )  (>) (7«) 1%) (/i) 
48-CI .440 1.68 15.3 22.7 9.4 22.4 7.5 14,9 
48-02 .478 1.33 24.4 35.7 11.3 54.4 8.6 45.8 
48~C3 .039 1.42 11,4 25.7 14.3 25.0 8.9 16.1 
49-1 .302 1.G5 11.1 19.8 8.7 37.1 4.3 32.8 
49-2 .316 1.71 11.5 19.6 8.1 36.2 4.3 31.9 
49-3 .312 1.68 11.6 19.7 8.1 37.1 5.8 31,3 
49-4 .267 1.69 11.7 19,6 7.9 36.5 4.3 32.3 
49-5 .328 1.73 11.5 19.7 8.2 35.4 3.7 31.7 
49-6 .267 1.72 12.1 20.2 8.1 37.1 5.2 31.9 
49-7 .308 1.68 11.0 20.3 9,3 37.1 4.3 32.8 
49-8 .319 1.65 10,6 18.9 8.3 36.5 4,9 31.6 
49-A .364 1.75 10.5 19.1 8.6 37,4 6.3 31.1 
49-B .250 1.74 11.7 20.4 8.7 35.7 3.4 32.3 
49-C .427 1.66 12.7 22.0 9,3 37.7 4.3 33.4 
50-1 .300 1.66 11.5 20.2 8.7 38.3 7.5 30.8 
50-2 .290 1.74 10.7 19.5 8.8 36.0 4.9 31.1 
51-1 ,300 1.73 10.7 19.6 8.9 35.7 4.6 31,1 
51-2 ,348 1.52 13.2 24.7 11.5 41,1 4.3 36.8 
51-3 .295 1.75 11,3 22.0 10.7 35.4 3.5 31,9 
51-4 .430 1.51 12.8 24.1 11.3 41,4 3.5 37,9 
51-5 .234 1.77 8.6 18.4 9.8 36.0 3.2 32.8 
51-6 .372 1.53 13 .7 25.8 11.6 42.9 4.0 38.9 
51-7 .295 1.78 10.5 21.2 10.7 34.5 3.2 31.3 
51-8 .250 1,77 10.9 21.6 10.7 34.8 2.9 31.9 
52-1 .390 1.47 9.6 18.0 8.4 39.4 12.4 27.0 
52-2 .245 1.58 13.4 24.8 11.4 40.8 5.5 35.3 
52-3 .830 1.51 13.4 24.6 11.2 44.0 7.5 36.5 
52-4 .340 1.58 14.7 25.9 11.2 42.3 7.2 35.1 
52-5 .081 1 p42 13.1 29.0 15.9 48.0 4.0 44,0 
52-6 .250 1.36 17.1 31.4 14.3 47.5 5.8 41.7 
53-1 .480 1.54 16.9 29.1 12.2 44.6 3.4 41.2 
53-2 .193 1.38 13.2 30.3 17.1 47.5 6.0 41.5 
53-3 .228 1.42 15.3 31.4 16.1 54.4 6.0 48.4 
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Table 22. (Continuod) 
Aggre­
gates 
mean V'/ater content Porosity 
Plot diam- Vol\irae M.E.- Aera­ Cajjil 
no • Gter we3.p:ht W.P. M »E. V/.P. Total tion lary 
(mm) (t-:r/cc) (^) (;o) (/'fl (/O) (/i>) 
54-1 .072 1.36 15.5 26.9 11.4 50.9 8.0 42.9 
54-2 .560 1.42 15.5 24.9 9.4 48.0 8.6 3 y a 4 
54-3 .298 I.5P: 16.9 26.0 9.1 43.7 3.7 40.0 
54-4 .031 1.51 9,6 21.2 11.6 38.8 8.0 30.8 
54-5 .870 1.20 13.1 24 .2 11.1 50 .3 12.4 37 .9 
55-1 .001 1.35 8.1 20.6 12.5 50.1 5.8 44,3 
55-2 .002 1.32 8,0 20.0 12.0 51.5 6.9 44.6 
55-3 .001 1.28 8.2 19,9 11.7 44.9 0.0 44,9 
55-4 .001 1.27 8.4 19.6 11.2 50,1 5.5 44,6 
55-5 .001 1.26 8.3 18.8 10.5 50.9 7.5 43.4 
55-6 .001 1.28 8.0 19,2 11.2 50.1 6.9 43 a 2 
55-7 .007 1.33 7.9 19.0 11.1 48.9 4.9 44.0 
55-8 .008 1.38 7.8 18 .7 10.9 49 .2 4.3 44,9 
55-9 .003 1.30 7.6 18.6 11.0 50.3 5<,8 44.5 
55-10 ,001 1.30 7.7 19.0 11.3 51.5 6.9 44.6 
551^11 • 007 1.32 7.8 18.6 10,8 48.3 5.8 42.5 
55^12 ,001 1.33 ,7.8 18,6 10.8 50.6 5.5 45,1 
55-13 .001 1.29 9.7 18.0 8,3 51.8 6.6 45,2 
55-14 .001 1,28 8.0 17.9 9.9 51.5 5.2 46,3 
55-15 .001 1.21 8.0 18.5 10.5 51.2 7,5 43.7 
55-16 .001 1.27 8.3 20.1 11.8 50.9 6,6 44,3 
167 
Table 23, SiAmmsjcy of some chemical characteriatica of soil 
materials on 241 plots on 55 highway backalopes 
in Iowa 
Plot 
no.®-
Inlt. 
pH N 
N1 tr. 
N 
Available 
P K C.E.C.^ ex,H° ' B.S.® 
(lbs. (lbs. (lbs. (lbs. 
•P A) A) A) A) (me.) (me,) ( U16 . ) i/o) 
1-1 8.1 3 45 <1 276 10.1 0.0 10.1 100 
1-2 8.2 3 15 <1 166 7.9 0.0 7.9 100 
1-3 8,2 3 19 <1 248 9.6 0.0 9.6 100 
1-4 8.25 3 15 <1 148 9.9 0,0 9,9 100 
2-1 8.2 3 42 <1 216 9,1 0.0 9.1 100 
2-2 8.3 6 30 1.5 168 6.4 0.0 6.4 100 
2-3 8.1 6 15 <1 288 19.9 0.0 19.9 100 
3-0 7.85 3 21 6.0 316 23.3 0,0 23.3 100 
4-1 7.5 6 24 < 1 >400 10.1 0,0 10.1 100 
4-2 7,75 6 15 <1 376 13.4 0.0 13,4 100 
4-3 8.25 3 12 <1 344 16,6 0.0 16.6 100 
4-4 8.1 3 6 <1 300 16.4 0.0 16.4 100 
4-5 8.2 3 3. <1 316 16.5 0.0 16.5 100 
4-6 8,05 3 60 <1 286 15.5 0.0 15.5 100 
5-1 8.2 9 3 2.0 98 6.1 0.0 6.1 100 
5-2 8.5 3 12 <1 48 0.8 0.0 0.8 100 
5-3 6.7 3 24 <1 236 16.6 3.6 13,0 78 
6-1 8.0 3 60 1.0 >400 13,5 0.0 13.5 100 
6-2 8.1 3 33 <1 312 15.8 0.0 15.8 100 
7-1 7.6 6 27 1,0 276 1.4 0.5 0.9 64 
7-2 7.5 3 9 <1 356 8.9 0.0 8.9 100 
7-3 8.15 6 24 1.5 230 9.8 0.0 9.8 100 
7-4 8.0 3 69 1.6 192 9,8 0.0 9.8 100 
^•Plrst figure refers to backslope nurriber, second figure 
represents number of plot on each slope. 
•1  ^
Cation exchange capacity. 
^Exchangeable hydrogen. 
^'otal exchangeable bases. 
A 
Base saturation. 
f 
Mllliequlvalent i:ier 100 gr. soil. 
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Tsiblo 23. (Continued) 
Plot In'lt. '¥ltr« Available 
no. pH N N. P C.E.C. ex.H T.E.B. B.S. 
(lba» (lbs. (lbs. (lbs, 
/A) /A) /A) /A) (mo.) (me ,) (me.) (>b) 
8-1 7.4 3 69 10.5 > 400 20 tO 1.3 19.0 94 
8-2 7,3 6 90 17.5 >400 20.7 1.4 19.3 93 
9-1 8.25 3 12 1.0 >400 10,5 0.0 10.5 100 
9-2 8.4 3 3 1.0 >400 8.6 0.0 8,6 100 
10-1 7.55 3 30 1.0 256 6.4 0.0 6.4 100 
10-2 7.5 3 21 < 1 354 6.7 0.0 6.7 100 
10-3 8.1 3 6 <1 264 10.8 0,0 10.8 100 
11-1 8.0 3 30 5.0 372 18.9 0.0 18.9 100 
11-2 6.95 3 132 9.0 >400 24.4 3.4 21.0 86 
11-3 6.3 3 3 2.5 340 20.9 4.2 16,7 80 
12-1 7.9 3 12 5.5 186 18.5 0.0 18.5 100 
12-2 7.05 3 3 7.5 320 21.8 1.3 20.5 94 
12-3 6.75 3 24 7.0 324 20,6 2.B 17.8 86 
12-4 6.55 3 9 1,0 288 22.3 4.0 18.3 82 
13-1 7.55 6 48 4.5 356 22.1 1.4 20,7 94 
13-2 7.6 6 3 3.5 312 19,2 1.1 18,1 94 
14-1 7.55 6 12 <1 356 22.5 1.3 21,2 94 
14-2 7.8 6 15 3.5 324 19.8 0.7 19.1 96 
15-1 7.6 6 60 1.5 312 12.8 0.0 12.8 100 
15-2 6.8 3 6 1.0 310 20.4 2.4 18,0 88 
15-3 7.1 3 3 <1 300 25,2 2.6 22.6 90 
15-4 6.8 6 45 1.0 212 17,3 2.8 14.5 84 
16-1 7.7 9 84 1.5 220 6.1 0.0 6.1 100 
16-2 7.9 6 15 <1 148 9.5 0.2 9,3 98 
16-3 8.1 6 6 1.5 252 12.3 0.0 12,3 100 
16-4 7.1 6 36 4.0 276 15.8 1.8 14.0 89 
16-5 6.95 6 24 16,0 >400 17 .3 1.6 15.7 91 
17-1 7.95 3 60 <1 300 25.0 0.0 25.0 100 
17-2 7.25 6 3 <1 361 26.2 3.3 22.9 88 
17-3 6.75 6 21 7,5 260 18,8 4.2 14.6 78 
18-1 7.6 6 24 2.5 278 19.7 1.1 18.6 94 
13-2 7,55 3 6 <1 380 30.5 3.2 27.3 90 
18-3 6.95 3 87 4,0 292 19.7 4.4 15,3 78 
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Table 23. (Continued) 
Plot Init« Nltr, Available 
no. pH N N P K C.E.C. ex.H T.S.B. B.S. 
(lbs • (lbs. (lb 3 . (lb a. 
/A) A) /A) A) (me.) (me.) (me .) (/O 
19-1 7»55 5 ry iv* O.J 1.0 272 20,8 1.7 19.1 92 
19-2 7.7 3 6 <1 296 22.7 2. o 20,4 90 
19-.5 7,65 3 <1 <1 254 18.8 2.2 16 • 6 88 
20-1 £i,35 3 <1 <1 156 14.2 0.0 14.2 100 
20-2 7.95 3 <1 <1 198 25.2 0.7 24.5 97 
20-3 7,95 6 <1 2.0 76 8.1 0.2 7.9 98 
20-4 8.35 3 12 1.5 144 12.8 0.0 12.8 100 
21-1 8,05 9 30 7.5 60 3.6 0.05 3.55 99 
21-2 8,55 3 12 5.0 44 2.5 0.0 2.5 100 
21-5 7,35 3 60 17.0 118 7.2 1.2 6.0 83 
22-1 8,25 3 6 1.0 86 10.4 0.0 10.4 100 
22-2 7,85 6 <1 <1 132 19.7 0.7 19.0 96 
22-5 8,45 3 3 1.0 106 11.6 0.0 11.6 100 
25-1 7.4 6 12 <1 266 21.4 3.0 18.4 86 
23-2 7.35 3 <1 <1 274 26.6 3.5 23.1 87 
23-5 6,25 3 6 1.5 200 25.7 4.8 20.9 81 
24-1 6.4 3 <1 <1 270 24.2 4.1 20.1 83 
24-2 6.25 3 6 2.0 192 20,9 3.8 17.1 82 
24-3 6,4 3 3 1.0 260 24.8 4.9 19,9 80 
25-Al 6.7 3 <1 1.0 294 27.4 4.2 23.2 85 
25-A2 6.9 3 <1 <1 118 12.8 3.0 9.8 77 
25-A3 6.7 6 24 3.0 192 18.6 2.5 16.1 87 
25-A4 7.0 6 15 3.5 228 22.5 2.2 20.3 90 
25-Dl 8.0 6 <1 <1 160 16.9 0.0 16.9 100 
25-B2 7.4 3 3 <1 236 28.2 2.4 25.8 92 
25-B3 6.85 3 3 <1 166 15.5 2.5 13.0 84 
25-B4 5.9 6 60 2,0 206 19.6 5.5 14.1 72 
25-01 7.7 3 3 <1 216 22.2 1.8 20.4 92 
25-02 7.4 3 6 <1 138 18.9 1.0 17,9 95 
25-03 6.8 6 27 1.0 222 21.6 2.5 19.1 88 
25-04 5.7 3 3 1.0 274 21,4 5.9 15.5 72 
25-05 7.0 6 75 1.0 252 20.1 2.5 17.6 88 
26-1 6.5 6 3 3.5 124 15.3 2.0 13.3 87 
26-2 6.2 3 <1 9.0 188 15.7 1,9 13,8 88 
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Table 23. (Continued) 
Plot Init. N1 tr, Available 
no. pTI N N P K C.E.G. ex.H T.E.B. B.S. 
(IBA. (lbs. (lbs. (lbs. A) A) A) /A) (me,) (RAE.) (nie.) (/'«) 
27-1 G.G5 3 < 1 <1 254 25.8 4,0 21.8 84 
27-2 6,4 3 12 9,0 256 18.3 2.8 15,5 85 
27-3 5.75 3 <1 27,0 334 18.7 5.8 12,9 69 
28-1 7.65 6 <1 <1 200 26,8 0,8 26.0 97 
28-2 8.0 3 12 3,5 184 14.3 0.0 14.3 100 
28-3 8.1 3 12 5,0 180 14.0 0.0 14.0 100 
28-4 6.8 9 18 16,0 258 16,4 2.8 13.6 83 
28-5 6,15 3 6 32.0 356 22.0 5,4 16.6 76 
29-1 7.0 3 <1 <1 340 30,2 4.2 26.0 86 
29-2 6.8 3 12 <1 302 22.5 2,8 19.7 88 
30-1 7.3 6 33 <1 260 23.7 0,9 22.8 96 
30-2 7,5 3 <1 <1 310 26.9 1,2 25,7 96 
30-3 6,0 3 <1 <1 206 20.1 3.8 16.3 81 
31-1 8,1 3 39 <1 190 11,7 0.0 11.7 100 
31-2 6,9 3 3 <1 186 22,7 1.9 20.8 92 
31-3 6,8 3 30 <1 198 18,2 1.6 16,6 91 
32-Al 6.9 3 3 <1 342 24.2 2.2 22.0 91 
32-A2 6,7 3 3 <1 380 2 6.8 4,0 22.8 88 
32-A 3 6,65 3 3 9.0 256 23.7 1.8 21.9 92 
32-A4 5.8 3 18 12,0 320 26.7 6.9 19,8 74 
32-B1 6,85 3 3 <1 366 27.0 3,2 23,8 88 
32-B2 6,7 3 12 6.5 226 21,7 1,5 20,2 93 
32-B3 5.9 3 3 10.0 300 25.1 6,1 19,0 76 
33-1 7,85 3 12 4.0 >400 19.9 0,0 19,9 100 
33-2 8,0 3 21 <1 244 13.4 0.0 13.4 100 
33-3 8,2 3 3 <1 198 12.0 0.0 12,0 100 
33-4 8,1 3 30 <1 178 9,5 0,0 9,5 100 
33-5 8,1 3 3 <1 140 9.5 0,0 9,5 100 
33-6 6,8 3 81 <1 238 18.2 3,4 14,8 81 
34 ^A1 7,9 3 30 2.0 300 15,6 0.0 15,6 100 
34-A2 6,5 3 36 2.0 264 16.7 4,0 12.7 76 
34-A3 6,8 3 3 <1 244 22.3 2.8 19.5 87 
34-Bl 8,0 3 42 <1 258 14.1 0.0 14,1 100 
34-B2 7,05 3 30 <1 220 24.0 1.8 22,2 92 
34-B3 7,15 3 3 <1 204 24.0 1,7 22,3 93 
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Table 23. (Continued) 
Plot Inlt. Nitr, Available 
no. PH W N P K C.E.C. ex.H T.E.B. R.S. 
(lbs. Clbg. (Ibg * (lbs. 
A) A) A) A) (me.) (me.) (me.) {%) 
35-1 6.75 3 45 3.0 364 23.0 4.3 18.7 81 
35-2 6.85 3 27 <1 320 21.4 2.6 18.8 88 
35-3 6.5 3 3 15.0 286 24.0 3.2 20.8 87 
36-1 7.2 6 24 2.0 264 12.1 0.7 11.4 94 
36-2 6.70 3 3 <1 192 15.3 2.6 12.7 83 
37-1 7.95 3 24 <1 288 14.7 0.0 14,7 100 
37-2 8.35 6 36 1.0 284 14.1 0.0 14.1 100 
37-3 8.3 3 3 <1 202 11.8 0.0 11.8 100 
37-4 8.1 3 48 <1 332 12.9 0.0 12.9 100 
37-5 7.25 6 18 1.0 280 10.8 0.2 10.6 98 
37-6 6.95 3 3 <1 176 14,9 1.6 13.3 89 
37-7 7.3 o 9 <1 200 25.8 1.3 24.5 95 
38-1 8.05 9 36 <1 268 12.4 0,0 12,4 100 
38-2 7.6 3 6 <1 220 17.2 0.0 17.2 100 
38-3 6.4 3 3 <1 244 22.9 3,0 19,9 87 
38-4 6.55 3 63 1.0 208 12.7 1.8 10,9 86 
39-1 7.2 3 24 <1 188 14.8 0.9 13,9 94 
39-2 7.2 3 3 <1 222 18.6 2.4 16,2 87 
39-3 7.3 3 6 <1 96 9.1 1.1 8,0 88 
39-4 6.05 3 51 1.5 >400 17.8 7.7 10,1 57 
40-1 7.8 6 60 1.5 274 14.6 0.1 14,5 99 
40-2 7.15 3 3 ^1 248 22.2 1.6 20,6 93 
40-3 7.3 3 12 <1 92 8.2 0.8 7,4 90 
40—4 7.1 3 12 3.5 340 24.0 3.1 20,9 87 
41-1 8.30 3 21 <1 260 10.8 0.0 10,8 100 
41-2 7.0 3 3 <1 250 20.7 2.4 18,3 88 
41-3 6.65 3 93 <1 >400 14.1 4.1 10,0 71 
42-1 7.05 3 24 <1 248 13,8 1.5 12,3 89 
42-2 6.15 3 30 <1 248 18.6 3.8 14,8 80 
42-3 6.05 3 24 <1 244 20.9 6.7 14,2 68 
43-1 7.95 3 61 <1 278 15.6 0.0 15.6 100 
43-2 6.9 3 36 3.5 252 14.7 2.2 12,5 85 
43-3 7.0 3 51 <1 252 16.6 1.7 14,9 90 
43-4 6.5 3 3 <1 204 23 . 6 2.2 21,4 91 
43-5 6.4 3 3 <1 100 11.0 2.7 8,3 75 
43-6 6.5 3 33 3.5 276 21.8 4.0 17,8 82 
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Tablo 23. (Contlnuod) 
Plot In it • Nltr. Avaliable 
no. pH N H P K C.E.C, ex.H T.F.B. B.8, 
(Iba. (Iba. (iba, (Iba. 
A) /A) /A) /A) (mo.) (me.) (me.) (^) 
44-1 8.05 3 24 <1 194 9,1 0.0 9.1 100 
44-2 7.45 3 30 2.0 222 12.6 0.2 12,4 98 
44-3 6.85 3 <1 <1 186 17,7 1.8 15.9 90 
44-4 6.55 3 6 <1 164 14.2 2.2 12.0 84 
44-5 6.65 3 9 6.5 256 20,6 2.5 18.1 88 
45-1 7.25 3 33 <1 245 2.1 0.0 2.1 100 
45-2 8.35 3 15 1,5 196 9.7 0.0 9.7 100 
45-3 7.25 3 12 <1 168 11,1 0.6 10.5 95 
45-4 6.10 <1 <1 <1 152 15.7 1.5 14.2 90 
45-5 5.7 3 6 <1 105 8.0 2.5 5,5 69 
45-6 6.35 <1 3 <1 100 9.6 1.1 8.5 89 
45-7 5.85 3 96 1.0 284 16.1 5.8 10.3 64 
46-0 8.4 <1 3 si 136 11.0 0,0 11.0 100 
46-1 7.65 d r> o <1 156 18.6 0.3 18.3 98 
46-2 7.75 <1 15 4.0 140 11.6 0.2 11.4 98 
46-3 8.05 'Z KJ 39 10.0 272 17.0 0.0 17.0 100 
46-4 7.0 3 15 23,0 518 21.2 2.2 19.0 90 
47-1 8.05 3 33 3.0 200 17.2 0.0 17,2 100 
47-2 7.85 3 3 <1 218 24.4 0.6 23.8 98 
47-3 7.85 30 51 1.0 176 12,6 0.0 12.6 100 
47-4 8.15 3 18 4.0 228 16.6 0.0 16,6 100 
47-5 7.35 <1 42 10.0 244 19.6 2.1 17.5 89 
48-Al 7.85 <1 6 <1 244 28.7 0.4 28.3 99 
48-A2 a.35 <1 3 1.5 202 19.7 0.0 19,7 100 
48-B1 7.65 <1 3 <1 204 22.6 0,0 22.6 100 
48-B2 7.75 <1 12 1.0 168 16,3 0,1 16,2 99 
48-Cl 7.25 <1 18 <1 212 20 .1 0.4 19,7 98 
48-02 7.85 <1 9 <1 284 31.8 0.5 31.3 98 
48-03 8.2 3 12 <1 182 19,3 0,0 19.3 100 
49-1 8.55 3 6 1,0 192 12.9 0.0 12.9 100 
49-2 8.45 <1 39 3.5 194 12.4 0.0 12.4 100 
49-3 8.55 <1 12 1.5 188 12.4 0.0 12.4 100 
49-4 8,55 3 9 <1 180 11.3 0.0 11,3 100 
49-5 8.55 3 12 <;i 184 11.6 0.0 11.6 100 
49-6 8.45 <1 12 <1 186 14.1 0.0 14.1 100 
49-7 8,45 3 27 1.5 216 12.1 0.0 12.1 100 
49-8 8.55 <1 15 <1 218 12.0 0.0 12.0 100 
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Table 23. (Contimied) 
Plot Init. Kitr, Available 
no. N K P K C,E.C. ex.TI T.E.B. B,S, 
(lbs. (lbs • (lbs. (lbs. 
A) /A) /A) /A) (me,) (me,) (me,) IFO) 
49 »A 0,45 <1 18 <1 212 10,9 0,0 10.9 100 
49-B 8.6 <1 6 <1 192 11,0 0,0 11.0 100 
49-C 7.8 <1 3 <1 190 14.6 0,5 14.1 97 
50-1 8.15 <1 33 <1 248 11,8 0,0 11.8 100 
50-2 8.35 <1 21 1,5 234 8,4 0.0 8.4 100 
51-1 8,45 ^1 3 2.0 186 12,1 0,0 12,1 100 
51-2 8.05 <1 21 <1 188 IB.l 0,0 18.1 100 
51-o 8,65 <1 3 <1 332 11,4 0,0 11.4 100 
51-4 7,85 Cl <1 1.0 240 15,9 0.0 15.9 100 
51-5 8.45 <1 21 <1 204 10.0 0,0 10.0 100 
51-0 7,6 3 3 <1 206 12,8 1.6 11,2 88 
51-7 8,25 <1 27 1.0 220 12,1 0,0 12.1 100 
51-8 8,45 <1 3 <1 214 11,0 0,0 11.0 100 
52-1 5,05 <1 3 5,5 188 11,4 7,9 3,5 31 
52-2 4.2 C) <1 10,0 292 15,4 9,1 6,3 41 
52-3 6,7 3 51 <1 332 16,8 1,8 15 .0 89 
52-4 6,6 <1 18 <1 224 20,8 2,7 18,1 87 
52-5 6,7 <1 27 4.5 270 18,8 1,8 17 .0 90 
52-6 5.8 3 3 18.0 314 24.2 6.0 18.2 75 
53-1 7,1 <1 12 <1 250 19,8 2,0 17,8 90 
53-2 7,1 <1 12 3,0 214 19,8 1,3 18.5 93 
53-3 5,8 <1 <1 14.0 260 24,2 3,6 20.6 85 
54-1 8,2 <1 3 <1 160 13,9 0,0 13.9 100 
54-2 8.0 <1 9 <1 184 18,2 0,0 18.2 100 
54-3 6.9 <1 3 <1 212 24.0 2.4 21,6 90 
54-4 5.6 <1 <1 <1 160 14,6 4.2 10,4 71 
54-5 7.25 <1 72 1,5 248 18,8 1.1 17,7 94 
55-1 8.35 3 60 si 340 12,8 0,0 12.8 100 
55-2 8,45 3 60 <1 332 12,9 0.0 12,9 100 
55-3 8.4 3 120 2.0 360 12,6 0,0 12.6 100 
55-4 8.45 3 42 2.0 316 14,1 0,0 14.1 100 
55-5 8*45 3 45 <1 286 13,1 0,0 13.1 100 
55-6 8,4 3 36 <1 368 14,4 0,0 14,4 100 
55-7 8.35 3 51 1,0 298 13,4 0.0 13.4 100 
55-8 8,4 3 60 1,0 304 13,8 0,0 13,8 100 
55-9 8,45 3 66 <1 320 13,8 0,0 13,8 100 
55-10 8,4 3 69 1,5 314 13,4 0,0 13,4 100 
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Table 23. (Continued) 
Plot Init, .Nitr, Available 
no. pH •N K P K C.E.C. ex.H T.F;.y3, 13 • S, 
(ib3 • (lbs, (Iba. (lbs. 
A) /A) A) A) (nie,) (me ,) (rae ,) {>) 
55-11 8.4 3 57 <1 2GQ 13,4 0.0 Itt" .4 100 
55-12 8,4 3 60 <1 258 12,6 0,0 12,6 100 
55-13 3.35 3 51 <1 268 12,5 0,0 12,5 100 
55-14 8.45 3 60 <1 260 11,6 0,0 11,6 100 
55-15 8.35 3 66 3.5 338 12.8 0.0 12.8 100 
55-16 8,4 3 84 <1 388 13,8 0,0 13,8 100 
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Table 24. Surtimary of measurement3 of plant growth on 241 
experimental single plots located on 55 highway 
backslopes in Iowa 
Plo^ 
no. 
Year 
of ^ 
planting Species 
Growth 
rating 
Percent­
age 
cover Yield® 
1-1 1949 A 10 100 123 
1-2 Gr 8 100 74 
1-3 A 8 100 68 
1-4 A+Gr+w 6 75 24 
2-1 1952 A+B 8 100 80 
2-2 A+B 4 30 20 
2-3 A+B 9 100 95 
3-0 1952 A+B 10 100 144 
4-1 1952 A+B 9 40 56 
4-2 A+B 9 70 54(2) 
4-3 A+B - - 102 
4-4 A+B 46(4) 
4-5 A+B 7 50 72(4) 
4-6 A+B 7 100 73 
5-1 1950 a+Gr 5 80 23(4) 
5-2 a+Gr 3 5 1(4) 
5-3 a+Gr 7 100 58 
^•First figure refers to number of backslope, second 
figjire to number of experimental plot on each slope* 
Underscored figures indicate that exact records are not 
available, but that planting must have been done on or 
before the year in question. 
Capital letter indicates dominant species, lower case 
letter indicates less dominant species. The following 
abbreviations were used: 
A, a = alfalfa Gr, gr = unidentified grasses 
D, b = bromegrass W, w = unidontlfled weeds 
Hating ranges from 1 (for poor growth) to 10 (for ex­
cellent growth)• 
Q O Grams of oven dry (65 G,) plant material per plot 
(50 X 50 cm). Figures in parentheses refer to number 
of plots harvested. 
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Tablo 24. (Continued) 
Yoar Percent-
Plot of Growth age 
no. plantinK Species rating cover Yield 
6-1 1950 A+Gr 8 90 80 
6-2 A+Gr 9 100 74 
7-1 1955 Rye 5 5 8 
7-2 mm mm mm 0 0 
7-3 a+Rye 8 15 27 
7-4 A+Rye 8 25-40 186 
8-1 1948 Gr 9 100 129 
8-2 Gr 6 100 56 
9-1 1955 Hye+b 8 25 38 
9-2 Rye 4 5 2 
10-1 1950 A+B 7 25 42(4) 
10-2 A+B 6 75 70 
10-3 A+B 8 75 128 
11-1 1949 A+B+w 7 20 13(4) 
11-2 A+B 9 60 106 
11-3 A+B 5 10 14(2) 
12-1 1949 A+Td+W 6 40 22(4) 
12-2 a+B+w 6 8 4(4) 
12-3 A+B+w 7 50 40 
12-4 A+B+W 4 15 5(2) 
13-1 1949 B 8 80 97 
13-2 A+B 5 22 14 
14-1 1952 A+b 7 30 89 
14-2 A+B 9 75 221 
15-1 1941 B+w 8 80 113 
15-2 B 6 65 63 
15-3 B 3 10 3 
15-4 B+w 6 75 101 
16-1 1950 A+B 6 60 76 
16-2 a+B 3 18 8(4) 
16-3 A+B 7 80 134 
16-4 A+B 4 50 74 
16-5 A+B 8 75 202 
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'.i 'a'blo 24, (Continued) 
Plot 
no. 
Year 
of 
planting Species 
Growth 
rating 
Percent­
age 
cover Yield 
17-1 1950 a+B 8 70 118 
17-2 A+B 2 2 1(4) 
17-5 A+B 7 85 105 
18-1 1952 A+B 8 75 150 
la-g A+B+w 6 10 18(2) 
18-5 A+B 8 70 164 
19-1 1948 B+vv 8 50 145 
19-2 am 0 0 0 
19-5 B+w 6 70 82 
20-1 1954 A+w 6 28 24(4) 
20-2 •vw*- 0 0 0 
20-5 M M 0 0 0 
20-4 A+w 7 28 153 
21-1 1954 A 7 45 111 
21-2 A+b 4 8 14(4) 
21-5 A+v/ 8 55 272 
22-1 1954 A+red clover 7 70 166 
22-2 A+red clover 2 5 4(4) 
22-5 A+red clover 7 85 142 
25-1 1950 A+B 8 68 165 
25-2 A+B 2 1 1 
25-5 A+B 7 72 120 
24-1 1952 clover 5 15 22 
24-2 clover 8 80 179 
24-5 B 2 55 20 
25-A 1 1950 A 2 5 12 
25-A2 A 2 55 28 
25-A5 A - - - 46 
25-A4 A+B 6 70 121 
25-Bl A 2 5 11 
25-B2 B+w 2 1 10 
25-B5 B+w 1 5 12 
25-B4 a+B 6 80 82 
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Table 24. (Continued) 
Plot 
no. 
Year 
of 
lolantinR SiDoclea 
Growth 
rating 
Percent­
age 
cover Yield 
25-Cl 1950 B+w 3 1 11 
25-C2 B+w 1 5 16 
25-C5 A+B 6 75 108 
25-04 w 15 13 
25-05 A+B 6 75 126 
26-1 1952 A+w 8 60 137 
2G-2 A+B 6 80 94 
27-1 1953 —•> 0 0 0 
27-2 A+B 6 68 89 
27-3 w m 5 17 
28-1 1950 w 1 1 12 
28-2 A+B 8 95 283 
28—3 a+B 8 90 147 
28-4 A+B 8 90 247 
28-5 A+B 8 82 212 
29-1 1951 •MMI 0 0 0 
29-2 A 6 50 107 
30-1 1951 A 6 45 103 
30-2 Gr 4 5 5(3) 
30-3 Gr - 8 16 
31-1 1950 A+D 8 75 171 
31-2 B 6 5 23 
31-3 a+B 5 70 92 
32-A1 1950 a+B 1 5 5(4) 
32-AS A+B 4 8 12(4) 
32-A3 B+3weet clover 9 72 166 
32-A4 B 5 60 44 
32-Bl 1950 A+B+w 4 15 14(4) 
32-B2 Sweet clover 10 28 371 
32-B3 B 3 10 16 
33-1 1950 A+B 7 78 226 
33-2 a+B 6 50 148 
33-3 a+B 2-6 50 62 
33-4 A+B 6 70 136 
33-5 A 6 5 14(4) 
33-6 A+B 7 50 164 
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Tablo 24. (Continued) 
Plot 
no. 
Year 
of 
plant inp; Species 
Growth 
rating 
Percent­
age 
cover Yield 
54-Al 1948 B 8 70 164 
24-A 2 A+B 7 70 195 
54-A3 Gr 2 5 13 
34-B1 1948 A+B 7 68 165 
34-B2 A+B 6 60 160 
34-B3 Gr 1 1 12 
35-1 1948 B 8 72 168 
35-2 B 6 70 70 
35-3 B 2 5 10(2) 
36-1 1952 A+B 6 60 106 
36-2 Leapedeza+w 2 5 14 
37-1 1952 a+B 8 65 135 
37-2 -- 0 0 0 
37-3 0 0 0 
37-4 A+B 6 50 63 
37-5 A+B 5 65 106 
37-6 B 6 18 31 
37-7 B 5 8 17 
38-1 1952 A 6 40 96 
38-2 A 6 70 64 
38-3 A+Gr 6 18 43 
38-4 A 5 35 40 
39-1 1952 B 8 55 85 
39-2 B 2 5 12 
39-3 A 5 15 46 
39-4 a+B 8 75 122 
40-1 1952 a+B 8 75 108 
40-2 MM 0 0 0 
40-3 0 0 0 
40-4 a+B 7 80 140 
41-1 1949 a+B 7 65 117 
41-2 w m 3 7(2) 
41-3 B 6 70 106 
42-1 1949 a+B 7 72 97 
42-2 A+B 6 GO 135 
42-3 B+gr 4 25 18 
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Table 24. (Continued) 
Year Percent­
Plot of Growth age 
no. planting; Sriecles ratin/s; cover Yield 
43-1 1951 A+B 6 80 133 
43-2 A+B 6 60 72 
43-3 A+B 6 78 114 
43-4 B 6 2 5(4 
43-5 B 3 1 1 
43-6 A+B 6 90 124 
44-1 1952 A+B 8 78 152 
44-2 a+B 8 78 151 
44-3 w «a> 2 1(2 
44-4 b+w 3 3 6 
44-5 a+B 5-7 78 101 
45-1 1952 A+w 2 5 5 
45-2 A+b 5 30 48 
45-3 A+B 8 78 165 
45—4 0 0 0 
45-5 B 6 5 8 
45-6 B 6 5 6 
45-7 a+B 6 85 113 
46-0 1950 B 7 5 8 
46-1 0 0 0 
46-2 a+B 6 75 138 
46-3 A+B 8 80 221 
46-4 A+B 7 75 144 
47-1 1950 a+B 8 75 149 
47-2 B 4 8 3 
47-3 A+b 6 50 71 
47-4 a+B 8 88 60 
47-5 B 8 72 156 
48—A1 1952 A 6 5 12 
4a-A2 A+B 7 70 170 
48—B1 IMM* 0 0 0 
48-B2 A+B 7 78 141 
48-Cl a+B 8 72 195 
48-02 A+B 4 10 12 
48-03 a+B 7 70 129 
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Table 24, (Continued) 
Year Percent­
Plot of Growth age 
no. •plantlnp: S-poclea rating cover Yield 
49-1 1954 A 4 5 12 
49-2 A 6 55 83 
49-3 A+B 6 35 62 
49-4 0 0 0 
49-5 A 5 25 43 
49-6 0 0 0 
49-7 A 6 28 51 
49-8 A+B 7 32 90 
49-A A 5 30 43 
49-B M* 0 0 0 
49—C A+B 6 60 125 
50-1 1954 A 7 40 90 
50-2 — 0 0 0 
51-1 1954 A 6 40 43 
51-2 A 6 50 119 
51-3 A+B 2 35 25 
51-4 A 4 50 81 
51-5 A 4 8 18 
51-6 A+B 6 60 77 
51-7 A+B 6 45 108 
51-8 MM 0 0 0 
52-1 1950 Gr 2 10-25 5 
52-2 B 3 3 2 
52-3 a+B 6 60 66 
52-4 B 6 6 12 
52-5 a+B 4 75 79 
52-6 B+gr 2 8 6 
53-1 1960 A+B 5 5 9 
53-2 A+B 7 50 128 
53-3 B 2 15 6 
54-1 1950 B 2 5 7 
54-2 B 4-8 60 67 
54-3 B 5 3 6 
54-4 B 2 25 6 
54-5 B 8 80 104 
lej 
4 
1 
59 
26 
6 
7 
60 
16 
17 
17 
13 
4 
12 
10 
29 
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(Continued) 
Year Porcent-
of Growth age 
planting S-pecles ratlnp: cover 
1954 a+B 3 15 
A+b 3 5 
A+b 8 80 
A+b 8 55 
a+B 2-8 25 
a+B c 3 40 
A+B 6 95 
A+b 7 55 
A+B 7 70 
a+B 7 52 
A +b 4 45 
a+B 4-8 22 
A+b 4 . 40 
A+b 3 43 
A+b 8 85 
A+B 8 68 
